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This CVC thermocouple VACUUM Laue 
c é 


offers high sensitivity and 


This single-stag rmocoupl acuum gaug 
gives rapid if 1,000 micron 
range. It esigned around 
a print ! 

Che gaug 
siderably lower tl v1O ingle-station 
model 


portable and priced con 


Its outstanding features ing lude: 
@ No compensating adjustment just plug it 
into a 11§-volte outlet and turn on che t 


switch 


ev 


vapor ind 


ond nsal 


@ Is not | atmospher! 


pres ur 
@ On lit t read tel cal 
cron Hig 


range from 

New, more rugged gauge tube 
This gauge uses the new TG gauge tube which 
climinat fragile junction weld of previou 
tubes 

The cul sul t to organic vapor con 


taminatior 1 its electrical characteristics do not 
vary app ably from o be to another 


ition to a ompl t 


(OY, 





Headquarters 


for High Vacuum CVC sales now handled through Consolidated Engineer's 


Boston « Buffalu ¢ Chicago e Dallas e¢ Detr 


rapid response 4 /ower cost 


gauyg including th 


line of CVC th rmocoup! 


battery-operated single-station unit 


the one-to-six station unit type 


automatic control unit typ TG- which actuat 


foul l 


letermined pr i 


a double-pol throw relay at any pre 


Specifications 
Range 
Case Dimensions 
Weight 
Power 
Type TG-77 Tube 
Cord 


For information on these and other CVC vacuum 
measuring gaug write to Consolidated Vacuum 


Corporation, Rochester 3, N. Y. 


Consolidated Vacuum Corporalion rochester 3, N.Y. 


a subsidiary of CONSOLIDATED ENGINEERING CORPORATION, Pasadena, California 


5 Corporation with offices located in: A!lbuquer 


te New York « Palo A « Pasa ae P acte Ae 
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Unifoum Sbueture 
of Mallory 1000 Metal assures 


effective radiation shielding 


Mallory 1000 Metel, under high magnification, shows completely 
uniform grain structure 
part of the piece 


Its high density extends through every 


free from voids and weak spots, 


HEN Mallory 
1000 Metal, you can figure on the basis of accurate 


you design radiation shields with 
characteristics instead of having to estimate on 
‘a ge 
typical” values. You can predict performance of your 
design precisely, hecause every piece of Mallory LOOO is 
produced to the same, precisely controlled qualities . . . 
and, most important, these qualities are completely 


uniform throughout each piece of the metal. 


Lp to 40% more effective than lead. Mallory LOOO is 
being used for shielding at energy levels up to 100 MEV. 
It has excellent weathering qualities, and machines to a 
high surface finish. Intricate shapes are produced 
economically to accurate tolerances by exclusive Mallory 
contour pressing methods. For complete data, write to 


Mallory for ‘Technical Bulletin 6-7. 


Viatthey 
110 Indust “trreet, 7 nite 15 


& Mallory, Lid., 


Ontario 


In Canada made and sold by Johnson 


Serving Industry with These Products: 


Electromechanical— Resistors © Switches « Television Tuners « 


Electrochemical—Capacitors ©« Rectifiers © Mercury 


Metallurgical 


Vibrators 


Batteries 


Voids in less uniform metals look like this under the microscope. 
They seriously impair shielding effectiveness and tend to make 


performance unpredictable, 


* oe, 


Typical source capsules made of Mallory 1000 


provide “leakproof” shielding 


In rotors and counterweights, 
Se, 
1000 


the uniform structure of Mallory 
( eliminates danger of unbalance. High 
mechanical strength, density and rota- 
=~ tional inertia make possible smaller 


¥ 


parts, faster rotational speeds. 
‘ ul 


Expect more ...Get more from 


MALLORY 


MALLORY & CO inc 





Contacts © Special Metals and Ceramics © Welding Materials 


, INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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q (NOW AVAILABLE FOR 
DETECTION PURPOSES IN: 


the petroleum, chemical and metal industries, 
as well as the specialized fields of research and 
medicine. 

The new Model HT, |” diameter complete 
scintillation counter, for industry and laboratory 
is our latest development. This probe is a 
waterproof hermetically sealed unit consisting 
of an activated sodium iodide or lithium iodide 
crystal, photomultiplier tube, preamplifier and 
cathode follower circuit with an output im- 
pedance of 100 ohms. The Model HT produces 
large output pulses and has a high order of 
sensitivity and signal to noise ratio. 


The most complete and 
versatile line of scintillation 
counters for laboratory 
and industry. The standard 
counters accommodate 

any size or type of 
National Radiac Crystal 
Detectors to measure 
alpha, beta and gamma 
particles, and neutrons 
and x-rays. 








VERSATILE ADAPTATIONS for 
RESEARCH, MEDICAL and 
INDUSTRIAL USE 


Easily adapted with Collimator 
Attachment, Well Type Shield or Sample 
Changer, the National Radiac 
Scintillation Counters fill the outstanding 
need when highly directional 
detection, extreme sensitivity and 

low background signal to noise ratio is 
required for research, medical or 
industrial use. 


= 


STANDARD 
@ scintitation HEADS 


The National Rediac 3” and 5” diameter 
complete scintillation counters are used 
for the most exacting applications in 
industry, research and Aerial Scintillation 
Surveys. They are completely versatile 
and can be quickly adapted for collima- 
tor applications, well type sample analy- 
sers and manual sample changers. The 
complete standard scintillation counter 
consists of a radiation detection crystal, 
photomultiplifier tube, and either the 
preamplifier or cathode follower, These 
scintillation counters are of the highest 
known sensitivity, Ready now for im- 
mediate delivery. 





Sintilon Brand Crystals are 
grown by National Radiac. 


©... for Bulletin #13 containing 
complete information and speci- 
fications, Personal consultation 
is available at no cost by con- 


tacting our research depart- 
ment. 





RADIATION DETECTION INSTRUMENTS 





DESIGNED TO NECESSARY SPECIFICATIONS 


If you have an application that 
requires a specially engineered 
complete scintillation counter, 
contact the National Radiac re- 
search staff now, We offer a 
personal service to solve all your 
radiation detection problems. We 
design and build scintillation 
counters for any industriel and 
laboratory application. 7 


Valin Te dhie » 


479 WASHINGTON STREET, DEPT. N, NEWARK, NEW JERSEY 


Vol. 13, No. 10 - October, 1955 





These or similar problems puzzling y 


High speed inspection 
and classification 
of resistive elements 


Precision control of minute 
potentials and currents 


High speed inspection 
of ferromagnetic materials 


u? 





Continuously recording 
rate of temperature change 
in jet engine test stands 


R.M.S. regulation of a-c 
oscillators and generators 


Multiplication of two 
a-c or d-c signals to provide 


a precision product 
Production testing of 
cathode ray tube brightness Precision low power factor 
measurements for 
production inspection 

of transformers and motors 





Recording extremely low 
temperature differentials. 


“~~ JIU The INDUCTRONIC® SYSTEM of 
low level MEASUREMENT and CONTROL 


Practical solutions to the above, and many other 
problems of low-level measurement and control 
have been supplied by the WESTON Inductronic 
System ... an entirely different method of d-c 
amplification. Utilizing the deflection of a perma- 
nent magnet moving coil system, it converts ex- 


tremely low-level d-c to a proportionate a-c signal 


verts to a d-c level. The system operates at a fre- 
quency of 200 KC, and provides a high order of 


Model 1475 Multi-Range Inductronic D-C Amplifier sensitivity, accuracy and speed. And because of 
provides amplification of a complete span of direct cur 
rent and voltage ranges of either polority with no sacrifice 
in fundamental accuracy or speed. Has seven current 
ranges, from 10 to 1,000 microamperes — and ten voltage 
ranges, from | to 1,000 millivolts. All ranges immediately 
available by the turning of a switch; and an additional 
seventeen ranges become available by a knob adjustment 


circuit simplicity, the system is stable and virtually 
maintenance free. To learn how you can apply 
the Inductronic System in research or production, 
call your nearest Weston representative, or write 
direct for bulletin B-36-B. 

which changes the instrument from zero left to zero center 
Accuracy 1%. Accessories such as recorders and addi 


tional indicators can be inserted in the output to a total 
of 5,000 ohms without affecting accuracy or calibration 


WESTON Gpttuménl 


WESTON ELECTRICAL INSTRUMENT CORPORATION, 614 Frelinghuysen Avenue, Newark 5, New Jersey 
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Reactor Control Rods Reactor Core 


Control Console for Reactor System Electromagnetic Pump 


Components for atomic reactor systems 
now available from General Electric 


REACTOR CONTROLS These components, now available from General Elec 


a tric, are used in atomic reactor systems by utility, 

preamplifiers or industrial, research, and educational organizations 

@ power level amplifiers General Electric also designs and manufactures com 

control rods plete nuclear reactor systems (less fissionable materi 

@ rod drives al). The use of the reactors will be governed by the 
@ control consoles Atomic Energy Act of 1954. 


REMOTE HANDLING EQUIPMENT FOR SPECIFIC INFORMATION on any of these com 


ponents for atomic reactor systems, contact your 
@ manipulators General Electric Apparatus Sales Office or write to 
@ optical systems General Electric Company, Section 224-7, Schenectady 
@ inspection stations 5, N.Y. Send coupon below for new bulletin on G-E 
@ transfer dollies Components and Services for Nuclear Reactor Systems 


actin ete Progress 1s Our Most Important Product 
COOLANT SYSTEM COMPONENTS 


apt th ac ha GENERAL &B ELECTRIC 


sodium or molten metals 
special mechanical pumps 

Mail to: Genero! Electric Company, Section 8224-7, 
stop and check valves Schenectedy 5, WN. Y. 


freeze seals Please send me new bulletin, GEA-6014, Components 
electromagnetic flowmeters for Nuclear Reactor Systems 


REACTOR SERVICE EQUIPMENT 


@ refueling, servicing, and 

maintenance equipment 
@ storage equipment Company 
@ fuel element record system City 


For immediate project For reference 
Name 


Position 





Cutaway 
showing | 
canned fuel | 
element with 
high-integrity 
bond (1.5 
times actual 
size). 


Tue attainment of economically generated atomic power 
demands effective performance from the nuclear fuel 
elements employed. Such a fuel must be capable of high- 
temperature operation for an extended period of time and 
some of its important attributes are 


Oo A strong, continuous bond must be present between the 
metal casing and the core of active material (see illustration 
above). Voids or discontinuities in the bond may cause hot 
spots and the premature destruction of the fuel element. 


8 The active core material and casing must be of a physical 
construction that will withstand incessant bombardment within 
the reactor—yet allow heat to flow readily and uniformly to 
the coolant stream 


€) The bond between casing and end cap must be so complete 


Semiautomatic production line for manufacturing and cladding 
fuel elements at Sylvania’s Hicksville, N. Y., plant. 


Inside story 
of nuclear fuel 


as to prevent seepage of the coolant into the element core—and 
the escape of fission products from core to coolant stream. 

Techniques for insuring these as well as many other 
important qualities have been perfected through Sylvania’s 
specializing fuel element research and production facil- 
ities. Sylvania’s scientists and engineers— pioneers in the 
development of high, long burn-up fuel—are ready now 
to help you design fuel economy and reliability into your 
power production or experimental reactor. 

For detailed information, including a newly-published 
brochure on Sylvania’s nuclear energy design and pro- 
duction facilities—write Sylvania Electric Products Inc., 
Atomic Energy Division, P. O. Box 59, Dept. K55V, Bay- 
side, New York. 


v SYLVANIA 


ATOMIC ENERGY DIVISION 


LIGHTING RADIO 


6 
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Inconel nickel-chromium alloy prolongs 


three months to an average of eight 


life of salt pots in this shop from 
chloride at 1550°I 


molten sodium chloride 


months. The pots handle a mixture of 
and potassium 


Inconel Salt Pots last up to 8000 hours at 1550°F 


by oxidation, carburization and other forms of high 


Here’s an alloy that takes molten salts in stride. 


Here ... where a sodium chloride-potassium chloride 
mixture is used at 1550°F to harden oil field drilling tools 
... Inconel® nickel-chromium alloy prolongs the life of 
salt pots several-fold. Average life of pots was formerly 
three months. Now, it’s eight months on the average, and 
in some shops as much as eighteen months of life has 


heen rec orded. 


In other applications, such as Nicrobrazing retorts ... 


.. jet aircraft engines .. . chemical 
| 


. . Inconel alloy 


annealing furnaces . 
and petrochemical pyrolysis furnaces . 
withstands temperatures up to 2150°F over hundreds of 


cycles even in the presence of hydrogen and other destruc- 


tive gases, 


Useful in atomic energy field 


Inconel nickel-chromium alloy also meets four basi 


demands of atomic energy equipment. 


1. Inconel is structurally stable. It is not subject to 
embrittlement on prolonged heating. 


2. Inconel is chemically stable. It resists damage 


Inconel 
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temperature attack, 

3. Inconel is mechanically stable. It retains useful 
properties to 2100°F and over, in some applications, 
It resists grain growth and withstands thermal shock. 
1. Inconel is easy-to-work., . . easy to form, machine, 
weld ... available in all commercial wrought forms. 


Get the facts about Inconel alloy 


Information about properties, fabrication and forms 
of this heat-and-corrosion resisting alloy are yours for 
the asking. Write for Inco’s 24-page Technical Bulletin 
I-7 “Engineering Properties of Inconel.” 

Ready help on metal selection problems for high- 
temperature equipment is also yours for the asking. Send 
details to Inco’s Technical Service Section. We'll be glad 


Ira k 


to give you a hand. “1 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


4s 
JNCO, Nickel Alloys 


\ ... for long life at high temperatures 




















Vil 


In-pile irradiation testing is a vital part of any 
reactor development program. Such testing shows the 
effect of radiation plus temperature on new reactor fuels, 


materials, and components. 


HOW TO To insure the utility of these tests, NDA has de- 
signed and operated systems which accurately control 


PRE DICT and record in-pile test conditions. The heart of NDA’s 


system is a test capsule containing the material to be 


THE BEHAVIOR tested, a heater for accurate temperature control and 


monitors for determining the integrated neutron flux. 


OF REACTOR This capsule is suitable for operation at temperatures up 


to 1800° F. in the highest neutron fluxes available in this 


COMPONENTS a 


NDA offers a “package” irradiation service which 
includes design and construction of the in-pile test sys- 
tem, supervision of the irradiation test at the reactor site 
selected by the client, and transportation of the test sam- 
ple in a shielded container to the analytical laboratory for 


post-irradiation examination. 


Consultation on a program to meet your 
specific testing requirements is available without 


obligation. 





WHITE PLAINS 8-5800 NDA NUCLEAR DEVELOPMENT ASSOCIATES, INC. 


80 GRAND STREET, WHITE PLAINS, NEW YORK 
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ROUNDUP of Key Developments in Atomic Energy 





LATE NEWS and Commentary 


Fusion Reactors At a Geneva-promised press conference, AEC chairman Lewis L. Strauss recon 
—When? firmed in Washington on Oct. 3 that the U. S. does have a program aimed at de- 
veloping controlled thermonuclear power plants. But he said little more than 
his Geneva statement: “The Commission is and has been working on the subject 
for a considerable time.” In fact what may be the most positive statement is 
contained in a “help wanted” ad for an electrical engineer on p. 106 of this issue: 
“An exciting opportunity exists in new classified research field of great peace 
time significance.” 

AEC gives no real indication of what work is being done, or even what the 
detailed technical problems are. Such information is still secret, and is made 
available to a very small number of people within the AEC project on a highly 
compartmentalized basis. Industrial nuclear power groups are said not to have 
access to these reports, and the only way industry gets into the picture is via 
loan of a few people to the scattered work being done. 

A general comment on the nature of the problem was made by Lyman Spitzer, 
Jr., director of the Princeton University Project Matterhorn, an important part 
of the over-all Project Sherwood: “We must achieve such temperatures (over 
a hundred million degrees F) in a gas confined in walls that remain relatively 
cool. We must control the thermonuclear reaction when it occurs. We must 
extract the energy released and use it to generate electricity.” 

In addition to Princeton, work is going on at: ORNL, under E, D. Shipley, 
John S. Luce and Albert Simon; NYU, under Robert D. Richtmyer and E. Brom 
berg; at Livermore, under Herbert F. York; and Los Alamos, under J. L, Tuck 


AEC Authorizes After much prodding from U. S. industry and admitting that its earlier policy 

Foreign Business “is believed to have a discouraging effect upon American industry and_ its 
potential customers abroad,” AEC announced on Oct, 3 that companies wanting 
to engage in unclassified foreign nuclear activities need no longer clear with 
AEC before doing so. However, they will have to report back to AEC after 
wards. This announcement, placed in the Federal Register, is the long-awaited 
interpretation of Sec, 57a(3) of the Atomic Energy Act. 


Foreign Business How to do business abroad highlighted discussions at last month's Atomic 
Problems Pinpointed Industrial Forum meeting (sponsored in part by American Nuclear Society ). 
Sellers, customers and governments are faced with many knotty problems. 
Representing the sellers, F. K. McCune of General Electric said: Before U, § 
companies can follow through on the many foreign sales prospects they now 
have, they must get clearcut policy statement from AEC on if, when and how 
nuclear fuel will be made available for export for power-reactor use. Because 
“almost any major country” can now produce plutonium from available know! 
edge, he feels controlling international use of special nuclear material is now 
impossible and that U. S. would be wise to offer foreign assistance on fuel. He 
suggests as maximum action putting enriched fuel on sale domestically, for 
domestic or foreign use, with normal export-license control. 
Speaking as a customer, Giorgio Valerio, managing director, Societa Edison, 
Italy, emphasized the dependence of Italy on “the assurance of a ‘free’ and con 
tinuously increasing supply of nuclear fuel.” He said that unless a supply of 
special nuclear material was guaranteed for every plant sold for a “sufficient 
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ROUNDUP 


AEC Offers Incentives 
For Smaller Reactors 
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CONTAINMENT SPHERE for Britain's fast breeder reactor is being built on site at 
Dounre ay, Scotland (NU, Sept. ‘ale Pp. 48, 112) Sphere will be 135 ft in diameter; 


»f 1-in. steel plate, it can contain internal pressure of 18 psi 
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Industrial Applications 


Improved bonding of ink to polyethylene. Gamma int idiation, to 
a dose of 0.5 r or more, oxidizes the surtace of polvye thylene, chang 
ing its ink-retention properties from poor to exce ent. Poor ink 
adhesion is a drawback in using polyethylene film tor packaging 
A treatment used is differentially heating the film in a flame. Ad 
vantages of new gamma-ray treatment are both sides are mack 
printable; the film can be treated in mill rolls, eliminating the 
winding-rewinding prob m: and the treatment is uniform and con 
sistent. Costs have not been established, but might be high com 
pared to flame treatment Nevertheless, one packaging produces 
is interested. Brookhaven researchers RK. N. Chapman and 


P. Colombo are doing this work, using a cobalt-60 source 


Cyclotron-produced radioisotopes don't need AEC authorization. 
Nuclear Science and Engineering Corp Pittsburgh, Pa. has inaug 
urated the first private program for production and supply of 
cyclotron-produced isotopes, Procurements do not require Ak 
approval. Radioisotopes will be produced by the U. of Pittsburgh's 
and other cyclotrons and processe d by NSEC Phes« isotopes will 


no long I he supplied by ARC 


Radiation improves transistor performance. Even after a point 
contact type germanium transistor is fabricated, its current-decay 
performance can be improved by reactor irradiation lransistor 
spec ification for one use is that collector current fall from 15 ma to 
2 ma within psec after stopping emitter current Pypir al result of 
irradiating a transistor to a dose of 10'* n/cm® is to bring it within 
specification whereas before irradiation decay time was 10 psee 
Decreased decay time is caused by new recombination center such 
as lattice defects, within the material. Chemical and heat treat 
ments during manufacture also can change carrier life-time, sé 
irradiation treatment might be viewed as a supplemental quality 
ontrol method. Cooke-Yarborough and co-workers at AERE, Hat 
well, England, who devised irradiation method, re port that about 
90% of presently received transistors meet specification, and all the 


others are brought into tolerance by irradiation 


Simpler carbon labeling for wash testing—more accurate than re 
flection tests. Adsorption of Zr-Nb"’ tracer by carbon is a bettes 
method for testing wash effectiveness than using irradiated ¢ 
wh re poro ity and partic le SIZC become unknown and che ape I 
than using labeled tripalmatin ( $625 / me teflectance tests don't 
always give valid results, because reflectance cde pe nds on size dis 
tribution of C, as well as amount; and size distribution is changed 
when detergent is added. A. K. Phansalkar and R. D. Vold, U. of 
Southern California, use this procedure to get 99% adhesion of 
tracer to the suspended o> ; or %wt 2C su pension is pre pared 
by stirring, then the desired detergent, sodium dodecyl sulfate, is 
added and stirred in Next, 0.2-1.0 ml of diluted tracer solution 
(0.2 ml stock solution in 10 ml) is made slightly alkaline, added 
and stirred. The cloth is soiled by one min of vertical agitation 
Nonadherent C is then rinsed off. Difference between reflectivity 
and labeled-C testing runs as high as factor of 3, re ports FE. B Ash 
craft, Westinghouse Research Labs 
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News in Brief 


National Science Foundation makes 161 grants. Tota! 
ing $1,820,540, the grants awarded during the quartes 
ending June 30, 1955, were for support of basic re 
search, conferences and studies on science, scientific in 
formation exchange, and scientific manpower register. 


Firms invited to locate research in Oak Ridge. Oak 
Ridge Scientific Developments, Inc organized to pro- 
mote local industry, offered space to about 70 industrial 
concerns in a laboratory to be constructed there. Sug 
gested advantages are proximity to nuclear facilities and 
personnel. 


Chicago ASME exposition includes atomic section, The 
American Society of Mechanical Engineering exposition 
is Nov. 14-18 at the Chicago Coliseum, in conjunction 
with the society's annual meeting 


AEC issues regulation on advisory boards. Based on 
recommendations of the Attorney General, the regula- 
tion stipulates that boards appointed by the Commission 

ly furnish advice, recommendations, and opinions 
They cannot establish policy or 
Membership 


can on 
within assigned areas. 
take action on behalf of the Commission 
on industry advisory committees or conferences must, 
when practicable, repre sent a cross section of those 
affect # 


Sweden receives library of U. S. nuclear data. The 
library, delivered to Sweden’s Atomic Energy Corp., in 
5. 
Similar libraries are being 
All Swedish published 


cludes practic ally everything made public on U, 


atomic energy experience 
donated to about 30 countries 
work is at the disposal of U.S 


U. S. plans display for Indian Industries Fair. The 
display pavilion for the fair opening Oct. 29 at New 
Delhi will have sections covering atomics, electronics 
and technology. Several working models in the atomic 
section include a full-size graphite reactor similar to that 


at ORNL, 


Nuclear metallurgy topic at American Institute of Min- 
ing and Metallurgical Engineers Meeting. October 17- 
19 meeting at the Adelphia Hotel, Philadelphia, of 
Institute of Metals Div. includes talks by Alvin M 
Weinberg (ORNL) on reactor development, by John P. 
Howe (North American Aviation) on materials problems, 
and by Eric R. Jette (Los Alamos), H. A. Wilhelm 
(Iowa State), and Frank G. Foote (ANL) on metallurgy 
of Pu, Th, and U. This meeting is part of the National 


Metal Congress. 


NICB Conference on Atomic Energy in Industry Oct. 
26-28. The 4th annual conference on industrial appli- 
cations will be held in the Waldorf-Astoria Hotel, New 
York. For agenda and reservations, contact: Director, 
Conference Div., National Industrial Conference Board, 
460 Park Ave., New York 22. 


U. of Chicago offers MS in radiological or health physics. 
Students for both degrees, awarded by the Dept. of 
Radiology, will be accepted in the fall quarter, 1955. 


16 


Prerequisite is equivalent of BS in physics I wo-year 


re sidence 1S require a 


AEC awards 228 research contracts. The unclassified 
contracts awarded to universities and private research 
institutions by the U. S. Atomic Energy Commission in- 
clude 53 physical (8 new ones) and 175 life science 


(33 new). 


Germantown, Md., headquarters site selected by AEC. 
The site, at least 50 acres and 23 miles from Washington 
is considered reasonably safe in the event of hydrogen- 
bomb attack. The $10-million project should be com- 
pleted in the fall of 1957. 


Sixty-six access permits issued by AEC in August. This 
brings the total to 296 since the program began in April. 


Atoms for Peace Awards established by Ford. As a 
memorial to Henry and Edsel Ford, the Ford Motor Co. 
Fund has contributed $1-million ($100,000 annually for 
10 years) to provide for an annual award of $75,000 
to the individual or group who in the opinion of a jury 
has contributed the most to peaceful uses of atomic 
energy. In the event of no suitable candidate, the 
money will be used for scholarships and fellowships. A 
nonprofit corporation, Atoms for Peace Awards, will ad- 
minister the fund 


Temporary positions available at ANL. Appointments 
in Argonne National Laboratory are available for mem- 
bers of university and college faculties endorsed by their 
institutions. The l-year or summer appointments may 
be in biology, chemistry, engineering, medicine, metal- 
lurgy, and physics. Applications should be submitted 
by Dec. 15, 1955. 


ORINS arranges state work conferences. Oak Ridge 
Institute of Nuclear Studies and state academies of 
science have arranged conferences considering science 
fairs as educational tools. Conferees are from education. 
industry, and communications. Several scheduled are: 
University of Texas, Austin, Oct. 6-8; Jackson’s Mill, 
Weston, W. V., Oct. 30-Nov. 1; North Carolina State 
Agricultural and Technical College, Greensboro, Nov. 
18-19. 


Foreign trainees to enter Harwell. Sir Christopher 
Hinton announced that the Reactor School at the Atomic 
Energy Research Establishment will be opened up for 
training foreign scientists and engineers. 


Atomic Industrial Forum to sponsor zirconium confer- 
ence. Planned for mid-November, the round-table-type 
conference will emphasize fabrication, reactor use, and 
review of metallurgy. 


ORINS announces 4-week radioisotope courses. These 
courses instruct in the basic techniques of using radio- 
isotopes in general research work. They are scheduled 
to begin Oct. 17, Jan. 9, Feb. 6, April 16, June 4, July 
16, and Aug. 13. Contact Dr. Ralph T. Overman, 
Special Training Div., Oak Ridge Institute of Nuclear 
Studies, Box 117, Oak Ridge, Tenn. 
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GENERAL ELECTRIC 


NORTH AMERICAN 
AVIATION CO. 


WESTINGHOUSE ATOMIC ENERGY Div 


PENNSYLVANIA 
STATE 
UNIVERSITY 


UNIVERSITY 


Of 
MICHIGAN 


LEEDS & NORTHRUP 


Cece 


a . 
PHILLIPS PETROLEUM CO UNION CARBIDE AND CARBON CORP 


CONSOLIDATED 
VULTEE 
AIRCRAFT 


INSTRUMENTS 
° F T H t CONSOUDATED VULTEE AIRCRAFT 
PIONEERS 


Reactor Controls 


Designed by Pt 

under contract to the U S&S Aton 
Shown by Radiation ¢ 

at the “Atoms for Peo 


in Geneva, ‘ 


FOREIGN TERRITORIES 


JAPAN 


EUROPE 


NOW AVAILABLE 
FOR ALL The first nuclear reactor controls built by a non- 


Write for Catalog No. 1105 


AEC facility were supplied by Radiation Counter Laboratories, 
Inc. While continuing to fill these requirements of AEC, we have 
increased production to furnish reactor controls for other nuclear 
pioneers—some of whom are shown on this page 

With research and development now costing approximately three 
thousand dollars per month per man, your investment in quality- 
built control instruments is rapidly repaid through the saving of 
time. In addition to its standard models, RCL offers special instru 
ments made to your spec ifications. ‘The counsel of our research 
staff is available for any nuclear instrumentation problems you 
may have 


RADIATION COUNTER LABORATORIES, INC. 


Nucleonic Park 5122 West Grove Street Skokie (Chicago), Illinois 
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VITRO ENGINEERING... 


and the Indian Point Nuclear Power Station 


When Consolidated Edison Company retained Vitro as con- 
sulting engineers on the Indian Point Nuclear Power Sta- 
tion, more than 12 years of working experience in the 
atomic energy field were brought into play. 

Vitro engineers, skilled in all phases of the nuclear field, 
have the experience to study, evaluate and solve the eco- 
nomic and technical problems that arise in the applications 
of atomic energy to the production of electric power. 

Vitro’s engineering services have been used on many 
key projects and have been expanded to include — 


« Planning of reactor installations. 

« Site evaluation and hazards analysis. 

e Reactor design and engineering. 

e Design of specialized supporting facilities. 

e Construction management. 

e Preliminary operation and operator training 

Our activities in the nuclear 
energy field are constantly 
expanding and we have an 
immediate need for senior 
personnel with qualifications 
in reactor, chemical 
separations, and hot 
laboratory design. If you are 
interested in joining Vitro 
on important and challenging 
new assignments, please 


a 
Vitra ENGINEERING DIVISION ne ‘cade capa 


120 Wall Street, New York 5, N. Y. 
A DIVISION of VITRO CORPORATION of AMERICA 


These services are being utilized by government and indus- 
try as the atomic energy program moves into high gear. On 
request Vitro will supply detailed literature. 
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TURIZATION 


rs 4 


When there’s one a -'| improvement 


= ° if * 
... there’s a treasury of ideas in REI: PLASTIC 


When you have to squeeze more and more into of 8,009 psi result in only 4% to 5% permanent 








less and less space... when materials lack the spe- set. KEL-F Plastic can actually be used for struc 
cific properties you need for miniaturization, we tural members. Electrical properties are outstand 
suggest you look into the possibilities of KEL-F ing. They include superior resistance to arcing, 


Plastic. surface flash-over and thermal eycling 


The development of KEL-F Plastic. a fluoro- KEL-F Plastic is readily moldable by extrusion 


r insulation carbon polymer, was inspired by a vital problem compression, injection and transfer methods 


om KEL-F of miniaturization in the field of electronics. What Molding techniques are fully perfected, and 


it accomplished then, it can repeat for your molded components can be depended on to ex 


products. hibit all the inherent characteristics of the original 


molding material 


KEL k Plastic 1s available as a molding com 


pound, or it can be obtained 


KEL-F Polymer is a dense, tough thermoplastic 


with outstanding resistance to the effects of high , 
roads. t gs “et 
and low temperatures. In wire insulation, tube athens namie, tees 


and film from a number of suppliers. It is als 
$0 kets, connector blo« ks printe d circuit base Ss, me Soe on PP : — 
2 available in dispersions suitable for bake-coating 
transistor seals, and other applications its zero mois 
of metals and certain non-metals. The full story 


of KEL-F Polymer should be in your active fil 
Write us 


: Ki) Registered trademark for The ona Company's 
The compressive strength is high, Bearing loads Fluorocarbon polymer 


or 500 ture absorption, non wettability and dimensional 
honey a ~ stability can provide high level performance under 
{ "last 
severe conditions of te mperature and humidity. 


Miniature Rectifier and 
mount for part injection 


molded of KEL-F Plastic 


THE M. W. KELLOGG COMPANY 


Chemical Manufacturing Division, P.O. Box 469, Jersey City, N. J. 
SUBSIDIARY OF PULLMAN INCORPORATED 





% % Y ‘“ 
ACCURATE 


LOW WEIGHT 
SMALL SIZE 
ECONOMICAL 


HIGH RELIABILITY 
HIGH PRECISION 
HIGH QUALITY 


FREQUENCIES 








FREQUENCY STANDARD 
240 to 800 Cycles 


Type 50C 


+ .02% at — 65° to 85°C 


Type R50C 
+ .002% at 15° 








PRECISION FORK UNIT 
240 to 800 Cycles 


Type 50 
+ .02% at — 65° to 85°C 


Type R50 
+ .002% at 15° to 35°C 








FREQUENCY STANDARD 
200 to 4000 Cycles 

Type 2003 C 

+ 02% at — 65° to 85°C 
Type R 2003 C 

+ .002% at 15° to 35°C 
Type W 2003 C 

+ .005% at — 65° to 85°C 





PRECISION FORK UNIT 
200 to 4000 Cycles 

Type 2003 

+ 02% at — 65° to 85°C 
Type R 2003 

+ .002% at 15° to 35°C 
Type W 2003 

+ .005% at — 65° to 85°C 








FREQUENCY STANDARD 
200 to 2000 Cycles 
Sub-miniature Tube 
Type 2007 
+ .02% at — 65° to 85°C 
Type R 2007 
+ .002% at 15° to 3 
Type W 2007 
= .005% at — 65° to 85°C 








FREQUENCY STANDARD 
240 to 1000 Cycles 
Transistorized 

Type 2007 T 

+ .02% at — 65° to 85°C 
Type R 2007 T 

+ .002% at 15° to 35°C 
Type W 2007 T 

+ .005% at — 65° to 85°C 








FREQUENCY STANDARD 
200 to 3000 Cycles 


Type 2001-2 
+ .001% at 20° to 30°C 


WHEN REQUESTING 
INFORMATION 
PLEASE SPECIFY 
TYPE NUMBER 











ACCESSORY UNITS 
for Type 2001-2 


L—for low frequencies, 
multi-vibrator type, 40-200 cy. 


D—for low frequencies, 
counter type, 40-200 cy. 


H—for high freqs., up to 20 KC 
M—Power Amplifier, 2W output 
P—Power Supply. 














American Time Products, Inc. 


MA ANY 
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Here's what the onlooker sees when he gazes 
down into the Reactor’s 20-ft deep “swimming 
pool.” (Both photos courtesy U.S. A.E.C. and 
Union Carbide And Carbon Corp.) 
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Prominent among United States exhibits at the 
recent “Atoms for Peace’ Conference, in Geneva, 
Switzerland, was the Research Reactor shown above 
Like other research and proto-type power-produc 
ing reactors in this country and abroad, this Re 
actor incorporates Leeds & Northrup nuclear 
instrumentation. The five Speedomax recorders, ir 
the main control panel, chart all contro! functions, 
while the L&N Servo Amplifier and Micro-micro 
ammeter automatically control the Reactor when 
it operates at full power level. 

Leeds & Northrup Company is staffed and 
equipped to service all of your reactor control re 
quirements. Send for our brochure, “Control Sys 
tems for Nuclear Reactors.” The address—Leeds & 
Northrup Co., 4936 Stenton Ave., Phila. 44, Pa 


at 
LEEDS | N 


NORTHRU 


instruments WT] automatic controls e furnaceg 
it 





AMF Master-Slave Manipulators 
are now “mass produced” 


AMF — the largest producer of Master-Slave Manipulators for radio-active 
materials handling — has developed manufacturing improvements that make 
it possible not only to satisfy your increasing demands more quickly, but to 
give you the benefit of production economies as well. 

The AMF Master-Slave Manipulator— Model No. 8 as developed by the 
Argonne National Laboratory—is one of a variety of remote-handling devices 
manufactured by AMF. It has a sensitive “touch’’, yet is capable of handling 
weights of 30 Ibs. or more. With a “slave” wrist action that practically dupli- 
cates human wrist motion, it allows the operator to perform highly complex 
hot-cell operations with relative ease and complete safety 

Made in a variety of tube lengths to fit shielding walls for both high-level 
and low-level hot cells, the AMF Manipulator is available with a 36” or a 39 
Z motion, giving a full slave arm length of approximately seven feet. Both 
right-hand and left-hand models are available, and an interchangeable 
general-purpose tong as well as through-wall tube shielding are included 
with each unit 

If you have, or anticipate, a problem in the remote handling of radio- 
active materials, it will pay you to get in touch with AMF...a leader in the 
development and manufacture of nucleonic equipment, from remote-handling 
systems to complete reactor systems for government and industry alike. 


AMF ATOMICS Inc. 


Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
AMF Building + 261 Madison Avenue, New York 16, N. Y. 
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Titi Quilt me-t 1-1 let mi Patomic physics 


versatile component units for radiation 
research equipment is available. These 
precision units can be made up in a wide 
variety of instruments and systems to 


3 
; 
. 
Now for the first time a complete line of 
4 


For detailed information, plea end for free booklet 


suit your particular requirements; at the 
same time they offer the economies 
achieved by standardizing basic units 


sweet, Coven. i, Mace These unique instruments include, 

‘gmt Avenue, Mehmend among others, single and multichannel 
pulse height analyzers, an outstanding 
new linear amplifier, coincidence and 
anti-coincidence analyzers, alpha, beta 
and gamma spectrometry detectors, con 
tinuous and step-wise spectrum scanning 
equipment, and a five peak analyzer 
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Two lead brick size 2” x 4” x 8” — one cast in an open 
mold (right), the other extruded through a die in a 
hydraulic press (left)—were sawed in half length- 
wise, to show internal structure. After planing and 
buffing, the halves were photographed. The photos 
were retouched to kill highlights and achieve uni- 
form tone on both brick. The sink and shrink-hole 
were not touched. 


The Sounder the Brick the Safer the Shield 


Extruded lead brick are bound to be sound. The 
extrusion process — forcing metallic lead through dies 
insures an internal structure that is solid, and an 
external surface that is smooth and uniform. There 

are no hidden voids and shrink-holes to lessen the 
protection of the shield, no rough surfaces or “sinks’’ 
to be machined flat before the brick can be stacked 
straight and true. 


So far as the lead itself is concerned, we use a grade 
suited to barrier construction, holding to a minimum 
impurities that impair ray absorption and invite 
7 contamination. 


Conventional flat-sided National Lead 
extruded lead bricl If you are in the market for lead brick, let us show 


you samples and quote prices. We can furnish not 
only the conventional flat-side article — standard sizes 
2”x 4” x 8” and 2” x 3” x 6” — but also curved “Protecto” 
brick in these dimensions and in the large size, 

se <0 2s. 


It will pay you to keep in mind that National Lead is 
headquarters for LEAD SHIELDING in any shape, 
size or tonnage. 





National Lead Shielding 


NATIONAL LEAD COMPANY « New York 6; Atlanta; Baltimore 
Depew (N.Y.); Chicago 80; Cincinnati Cleveland 13; Dallas 2; Philadelphia 25; 
. Pittsburgh 12; St. Louis 1; Boston 6 ( National Lead Co. of Mass.); 
Curved National Lead “Pvrotecto” Los Angeles 23 (Morris P. Kirk & Son, Inc.); Toronto, Canada 
extruded lead brick. (Canada Metal Company, Limited) 
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FOR RADIATION RESEARCH 


Van de Graatt* 


| oor USC occ 


It produces a beam of any funda- 
b | ; 

mental radiation—electrons, x-rays, 

protons, deuterons, or neutrons. 


> Its output is many times more 
intense than that from available 
radioactive sources 


r Its beam is controllable in shape 
and direction and is adjustable over 
a wide range of energies. 


We have designed and built particle ac- 
celerators to meet many different require- 
ments for intensity, energy, and economy 
We would be glad to study your radiation 
needs and to answer your questions fully 
and promptly. 


HiGH VOLTAGE ENGINEERING CORPORATION 


7 UNIVERSITY ROAD CAMBRIDGE 386, MASSACHUSETTS 
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ABC...and the Reader 


ACK IN 1914—forty-one years ago—a group of 
B advertisers, advertising agencies and pub- 

lishers joined in a project that has come to 
mean a great deal to the millions who, like you, 
read business magazines. The project, initiated at 
a time when circulation claims were rarely veri- 
fied, was intended to achieve and maintain higher 
standards of integrity in publishing and advertis- 
ing practice by providing means to audit paid 
circulation, Out of that effort came an organiza- 
tion known as the Audit Bureau of Circulations, 
a voluntary, non-profit, cooperative association, 
known for short as ABC, Its symbol appears at 
the head of this page 


We are proud that McGraw-Hill publications 
were among the founders and charter members of 
the Audit Bureau of Circulations. 


Today the Bureau numbers 3,670 members. 
These include advertisers agencies, and pub- 
lishers of newspapers, farm papers, general mag- 
azines and business journals such as this one. 
These publisher members hold their memberships 
and their right to display the ABC symbol in 
their publications only so long as they live up to 
the circulation standards that are established 


through the Bureau 


It is one thing to set up high standards; it is 
another to see that those standards are main- 
tained. This latter and all-important function is 
performed by a staff of auditors maintained by 
ABC to check periodically on the circulation 
practices of the publisher members. When a busi- 
ness magazine, such as this one, joins the Bureau 
it agrees that the ABC auditors shall have “the 
right of access to all books and records.” Their 
inspection may dig into the files of original sub- 
scription orders, payments trom subscribers, 
paper purchases, postal receipts, arrears of pay- 
ments, editorial expenses and many other signi- 
ficant items. Sometimes the auditors go behind 
the records and seek verifi ation of purchase and 
payment from subscribers themselves 


The information thus obtained and certified by 
the Bureau then becomes available to the public 











and constitutes an authoritative report on the 
publication’s circulation practices. 


The advertisers and agencies benefit directly 
from the ABC because it provides a generally 
recognized factual yardstick by which the cir- 
culations of member publications can be meas- 
ured and appraised. Every paragraph in an ABC 
report on a business publication gives the adver- 
tisers data that help them make intelligent use of 
the publication as an advertising medium 


But the ABC renders a service of vital concern 
to the reader as well. The Bureau audits paid 
circulation only, and it is through this payment, 
whether by subscription or newsstand purchase, 
that the reader keeps the editorial policy of a 
publication responsive to his needs. His decision 
to buy or not to buy records his judgment on each 
publication, and the ABC-audited and certified 
circulation reports make the sum of these judg- 
ments known to all concerned, 


So the editors of ABC publications must con- 
stantly keep their editorial services up to the 
mark if they are to survive a competition in which 
the reader’s right to buy or not to buy is para- 
mount. Each paid magazine or newspaper will 
prosper or fail as it wins or loses the voluntary 
patronage of thousands or millions of readers. 
And—the ABC is scorekeeper in this vital contest. 


Thus the publisher who submits his publication 
to the supervision and discipline of ABC affirms 
in the strongest possible manner his recognition 
that his primary obligation is to his readers and 
that he owes the standing of his publication to a 


voluntary demand by those readers 


All this is what makes the ABC brand on a 
publication so important to its readers. That re- 
spected symbol, testifying to the advertising value 
of the publication, serves also as a constant re- 
minder to all concerned that the reader’s willing- 
ness to pay for an ABC publication is the basic 
reason why it stays in business. 


McGraw-Hill Publishing Company, Inc. 
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We took the vacuum! 




















Here's the kind of curve an ordinary 
vocuum pump plots on a vibra- 
graph. This might be called “nerve- 
shattering’ performance. 


Vibration, that is. Yes, the complete line of 
Kinney Compound High Vacuum Pumps, now 
dynamically balanced, is functionally vibration- 
free .. . another big plus for Kinney 

ideal for Portable Jobs — Balanced per- 
formance is vitally important on light flowing 
vacuum jobs —and also on cabinet-enclosed 
installations. 

Easier Installation, Less Maintenance — 
No need for flexible tubing to isolate pump from 
piping. Less vibration also means longer life for 
connecting piping, fittings, valves, etc. 

Write us today for information of Kinney 
Balanced Compound Vacuum Pumps—and also 
about conversion kits for gaining vibration-free 
performance from Kinney Pumps now in use. 
Kinney Manufacturing Division, Boston 30, Mass. 
District offices in Boston, New York, Philadel- 
phia, Cleveland, Chicago, and Los Angeles are 
all competently staffed to discuss vacuum with 
you. Los Angeles office carries complete stock 
and has full service facilities. 

Kinney dynamically balanced Pumps 


plot a curve like this. If you need 
vacuum, balanced performance is —_—_————_— 


another reason why you need , , 
Kinney. Ki nM ee EY MEG. DIVISION Please send engineering 


THE WEW YORK AIR BRAKE COMPANY information on Kinney 


a Dynamically Balanced 
3614 WASHINGTON STREET + BOSTON 30+ MASS 


IMTERMATIONAL SALES OFFICE OO WEST ST. MEW VORR 6 WY Vocuum Pumps. 





Company 
Address 


Name | 
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G.E. Designs New Alpha Particle Detector 
for Health Monitoring Against Radiation 


General Electric’s new alpha particle 
detector is a dependable monitor for 
inspecting clothing, machinery, lab 
oratory areas or equipment su 


of containing alpha radiation 

EASY TO USE, the detector weigh 
less than 2!4 pounds, including 
feet of cable and connectors. It has 


; 


sper tea 


an exceptionally large detection area 


of 150 square centimeters; is capable 
of detecting alpha particles having 
energies as low as two mev 

COMPACT CONSTRUCTION consists 


of a zinc-sulphide phosphor, phot« 


multiplier tube and cathode follower 
pre-amplifier giving 0.25 volt output 
These pulses are transmitted 
to a scaler or rate meter. The detector 
rapid and sensitive 
meter when connected with 
audio-speaker, which pro- 


pulses 
also makes a 
survey 
a simple 
duces an audio “‘popping’”’ noise. 


PRICE is $249.60* and the detector 
is available from stock. For further 
information contact nearest G-E 
Apparatus Sales Office, or write for 
Bulletin GEA-6117, Section 605-81, 
General Electric, Schenectady 5,N.Y 

*Manutacturer's 


uggested retail price 
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Jerome D. Luntz, Editor 


Geneva in Retrospect—Some Personal Reactions 


Ayre | am writing this three weeks after the 
Geneva conference, having visited the atomic 
energy establishments in France, Belgium, Hol 
und, Sweden, and Norway and just prior to 
isiting in England. This provides a good 
perspective for examining the effects of recent 
developments on countries with and without the 
ital nuclear materials—uranium and [D.O 
First, it is clear that Geneva has given the 
vhole nuclear business a tremendous shot in the 
irm. As emphasized to me by someone in 
Belgium, it’s going to be a lot easier to get man 
iwement support for nuclear projects because 
people are nuclear conscious now 
Wherever I went 
in the article on bilateral agreements, p. 30— I 


and in countries referred to 


found that an important part of the motivation 
to have an atomic energy program was the feel 
ing that one “should” have a program. In 
many places where there is no immediate 
urgency to have a new power source there was 
the strong desire to train people to gain experi 
ence in anticipation of the development of self 

ufficient programs. It is now quite evident 
that the next three years or so will see consider 

ible activity on building and planning of rea 

tors. Some countries want to build equipment 
themselves. Others are customers for ready 


made facilities. 


pene nities for U. S. industry to sell 
abroad are great. By reason of experience 
diversity of background, and the backing of far 
and away the largest governmental program in 
the world, U. 8S. firms have the edge over thei: 
nearest competitors in the I K. However 
they have got to doa hard selling job to maintain 
the advantage. More important, the Atomic 
nergy Commission has got to quit procrasti 
ating, recognize the importance to the U.S. of a 
trong nuclear export business and announce a 
policy of positive encouragement of industry in 
dealings with foreign countries (including mecha 
nisms of negotiations, availability of fuel for 
At the moment and in the 


next several years no other country has firms in 


reactors sold ete - 


i position to offer competition in reactors, except 
perhaps for components. 
Of overriding importance in world-wide atomic 


energy activities is the question of availability of 


~ 


nuclear fuel —particularly enriched uranium ot 


plutonium More than anything else, this is 
affecting the course of nuclear programs. ‘This 
was emphatically borne out when at least several 
countries changed their reactor plans overnight 
when they were offered U.S. [ 

Decisions must be made by many nations on 
whether they want to be dependent on uncertain 
availability of | whether they prefer to pro 
duce Pu and thus need to build chemical separa 
tion plants, or what Some consideration is 
being given in Europe to the erection of common 
gaseous diffusion plants and plutonium separa 
tion plants, but it doesn’t appear likely that this 
will happen. It is inevitable, however, that Pu 
recovery facilities will be built by a number of 
nations 

Not to be overlooked as a vital material is 
heavy water. Only the U.S. and Norway now 
sellit. England and France will soon have their 
own supplies. However, the U.S. with its very 
low price of $28/lb can corner the market if it 
wants to. In any event, it is obvious that, as 
with U, heavy water will be used as an important 


item in international atomic bartering 


HAT all of this points to is the need for a 
W strong international agency to coordinate 
the distribution of strategic nuclear materials, 
particularly fissionable fuels. When a country 
builds a nuclear power plant, it must be assured 
of a continuing supply of fuel. The agency, 
buying the materials from different “have’’ 
nations, might do this best 

It might even take the ultimate step and build 
its own U*** and Pu separation plants 

Perhaps a more important reason to have the 
agency control fissionable materials is one of 
safety. There is going to be an increasing need 
for a body such as this to police against misuse 
of U and Pu. 


tion would be for the agency to have jurisdiction 


In addition, another major fune 


over such matters as reactor safeguards, waste 
disposal and radiation protection in so far as 
activities in one country affect people of another, 

With the tremendously growing tempo of 
nuclear activities around the world, international 
cooperation to further individual programs and 
at the same time to protect the peoples of the 


world is vital. 











How Foreign Countries Are Using 
U. S. Bilateral Agreements 


An- important part of the U. S. ‘atoms for peace"’ program are the bilateral 


agreements for cooperation in atomic energy. 


such agreements. 
Kingdom—are special and cover exchange of classified information. 


The U. S. has negotiated 26 
Three of these—with Belgium, Canada, and the United 


Be- 


cause of lack of general public awareness of nuclear activities in the other 
23 countries, NUCLEONICS interviewed their principal delegates to the 
United Nations nuclear conference in Geneva 


ARGENTINA 
D. PEDRO E. TRAOLAGOITIA 


Chairman of the Comision de Energia 


Atom wa 


For our counts the main advan 
tages of the bilateral agreement are i 
oren 


we shall obtain a small quantit 


riched uranium for our research need 
and (b) we shall be able to go faster in 
our research work 

Atomic organization. In 1950 we 
(Comision Nacional le 


Atom 
tional Commission—of which I am the 


set up a 
Energia Atomica ienerg 


chairman, So far, the Commission 


financial needs are met only by the 
State; 


from its inception to No 


175-million pesos were spent 
1954 


Ss expense 


ember 

the equivalent of one da 
of the U.S. AkK¢ We have 
built a 30-Mey 
are reporting here on re 


already 
ynchroeyclotron and 
earch with it 

ubmitted to 


A new law now is being 


the Parliament, which determines the 
statute of the Commi 
permit contributions from other 
than the State to be 

| 


latter is exceptional legislation 


lon ind will il {) 
ouree 

received The 
Reactor and power plans. We do 

not plan to buy a research reactor for 


the time being. Our plans eall for 


the building ota power-reactor proto 


type, importing only some part uch 
as turbogenerators, from Europe or the 
We believe we shall start build 
ing this prototype more than a 


construction will need 


U.S. 
or less 
year from now; 
three or four years 

This 
uranium in metallic 


will be a reactor for natural 
orm is Wwe want 


to be able to rely on our own natural 


30 


uranium resources We are active! 


prospecting for uranium and thorium 


already ¢ kploiting a 


ind Wwe ure 
forme! In fuet 


this Confer 


purifying the just 
before leaving to come to 
ence, I saw the first Argentina-madce 
bar of metallic uranium 
During the past three months, ver 
promising deposits of both metals ha 
north of our 


been discovered in the 


eountry By the time our pilot power 
expect. to have 


meet the 


reactor is ready, we 
uranium to 
first 
After 


nium is bound to be 


mined enough 
ten eul or so ol 


this 


needs of the 
functioning period, ura 
more freely avail 


ible than now, and we expect no diffi 


culty then we shall 


dith 


culties in purification and metallurgical 


on this score yy 


have surmounted our present 


processing 
We pian to set up 


nuclear powel 


plants only in the parts of our counts 

where the installation of transmission 
lines is difficult or very costly, devel 
oping our hydroelectric resources ever 
else. By 
cover about 50% of the needs 


some 3,000 Mw, bi 


where 1980 we expect to 


at that 
time using nuclear 
power 
Manpower resources. Our main 
manpower problem ts lack of teachers 
Atom 


professors in 


we have to use Commission 
many in 


sutisiactolr 


members as 
stances This is not a 
situation 

Students in this field are enthusiastic 
At present we have about 10 graduate 
four in 


doing sper ial studies abroad 


the U. S., two in the I K., two at 
By the end 


20 specialists 


COttingen, Germany, et« 
of 1955. 


being trained abroad 


we shall have 


We have just opened, on August I, a 
new Physics Institute 


tronage of the 


under the pa- 
Commission. This is 
it the University of Jariloche 
Rio Negro 


study 


( ujo 
where the students will 
nucleonics intensively 
there, but the 


iIncrense rapidly. 


lj Cc and 
student ire 


N ow | 5 


number is bound to 


BRAZIL 
BERNARDINO DE MATTOS 


Chairman flomu Enerqy Commission of 


the Brazilian National Research Council 


ne of the consequences of the bi- 
that will 


in a short time to get the en- 


lateral agreement srazil 


be able 
for construc- 
This 


important 


riched uranium necessary 
tion of its first research reactor 
constitute an 


reactor will 


tep towards development of the 
Atomic 


reactor construction program 


srazilian knergy Commission 


Atomic organization. The Brazilian 
Atomu 


lished at the beginning of this 


Inergy Commission was estab- 
year In 
the framework of the Conselho Nacional 
le Pesquisas, for which the federal 
budget had already been approved by 
Hence the Atom 


yet its own specific 


Congress energy 
Commission has not 
budget; nevertheless all the funds 


for the de 


nec- 
@CSSAary velopment Of its pro- 
gram are being supplied by the Council. 


The Atomic 


ct veloping some laboratories for nu- 


nergy Commission 1s 


cleal research ind is sponsoring re- 


search in some of our universities for 


specific programs in atomic energy and 


related 5 


matters sesides, the forma- 
tion of a group of trained personnel is 


being fostered by the establishment of 
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FIRST BILATERAL AGREEMENT, with Turkey, is signed by President Eisenhower in 
the presence of Turkey Ambassador Feridun Erkin, May 3, 1955 


h grants for training in Brazil 
oreign countries 
has a tradition in nu- 
ind has modern accel- 
ration for investigation 
g-energy region Al- 
great part of the research 
is manufactured in our 
lorelgn equipment is con- 
bought abroad according to 
ol our program, 
Reactor and power plans. Thie ex- 
eme rapid rate of rise of our indus- 
evelopment, notwithstanding our 
irces in hydroelectric power 
t necessary to use other sources 


el to supply needs 


growing 
lis very rich in atomic fuels 
question that atomic energy 
important role in the near 

$1 izil Ss 


Manpower resources. 


tion regarding trained personnel 
rin 1952 has already been 


NI Dec. 52. p 3] 


improved a 


npowe 
since 
situation has 
lue to the attention being 
Nacional de 


our universities to 


Conselho 


CHILE 


CARLOS RUIZ 
. ‘ Vining Vinistry 


greement is going to be 


as we intend to de- 


( | »> us 


Vol, 13, No. 10 - October, 1955 


velop studies of nucleonics as rapidly 
as possible We must first train tech 
nicians and then vet nh researe h reactor 
We hope the U. 8. will help us on both 

Atomic organization. We have a 
National Commission for Atomic 
Nacional de la 


presided over by 


( OMISLOn 
Knergia Atomica 
the President of the National Univer 


Energy 


sity of Chile So far, it is a study and 


discussion committee, with no labora 
tones of its own It uses the services 
of the Economic De 


ration of Chile for 


elopment Corpo 
material facilities 
which is a 


This same ¢ orporation 


Government ind receives U.S 


technical 


ven 


help, has been 


prospecting 
for uranium deposits in our 


since 1952 We are 


eountry 
confident that we 
will find sufficient uranium for our own 
national boundaries 

We plan 
soon, i 
We have not 


decided where we will buy it. but it 


needs inside our 
Reactor and power plans. 
h reactor very 


to buy a researt 


at all possible next year 


england or inthe U.S 


lntter 


will be either in 
more probably the 
Asa next 


tor capable ol 


ste] ve want a power reac- 


orking with metallic 
natural uranium, 80 48 to use our future 


production directl We believe we 
shall be among the first 
Latin 
While we have sufficient hydro-electric 


south and center 


countmes in 
America to use a power reactor 
power sources In thre 


of the counts the northern part 


which is where most copper and other 


mines are ( d, is very dry, and 


Coal being 
that 


badly needs electric powet 


too expensive, it seems atomic 


powel! might be the solution for us 
We have a vearly fuel consumption of 
one million metric tons, $20-million, 

Concurrently, we will have to develop 
plants tech 


expect the U.S 


our concentration and 


niques, and here we 
government and private companies to 
help us in many ways 

We would also welcome atomic plants 
established in our country by U.S. o1 


Nothing 


suC h con 


other foreign. corporations 


in our legislation prevents 
struction: there is no exclusion law 
Manpower resources. ‘This is one 
of the main obstacles to our rapid de 
velopment, together with finances 
The University of Chile 


im for the training 


it Santiago 
is setting up a progi 
of nuclear physicists and establishment 
ot scholarships We shall 
student ibroad = for 


also send 


capable post 
graduate studies Here we are only at 
the beginning—-the University has no 
special nucleonics course yet, but this 


will come soon 


COLOMBIA 
ALVARO LUQUE 


Cancer Institute of Bogota 


ean 


A lot depends on the 


yet from the I s 


help we 
both in prospecting 
and for training our people 
Atomic organization. There is no 
central authority for nuclear energy in 
Colombia yet, but I believe the govern 
ment intends to set up one 

plans. We 


Reactor and power 


have made no decision yet on reactors 
I believe the government intends to 
buy a research reactor from the U.S 
for investigations and the preparation 


ol isotopes Sut only after we have 

prepared the people for its use 
Manpower resources. [elore get 

need at least 1S or 20 


It will 


ting a reactor, we 
tuke ih 
Also, 


sufficiently 


nuclear physicists 


couple of vears to train them 


our universitie irent et 


well equipped. The only places with 


some good instruments so far are two 
wencl the 
and the National 


both at Bogota 


government Superior 
Institute of Geolog 
Chemical Laborator 

Some of our will have to 
be trained outside the countrs I 
that Dr. Zuleta Angel 
sador to Washington and head of this 


specialiste 


know ambas 


delegation oon will discuss the matter 


in Washington and that he will also 
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setting wu! 


Nuclear | nery 


suggest the 
Institute for 


DENMARK 


A member of the Dan 


Thanks to the ag 
be able to acquire 
soon, We are at pre 
ing details with our fri 

We also have an ag 
British 

Atomic organization. 
have set up in Denma 
Atomic Energy Com 
Niels Bohs 


Committee .-i 


Professor 
The 
members, has a wo 
members physicist 


one member from the nistratior 


progran » rece ed 


Funds for its 

from government sources 

Reactor 

plan the setting up of two r 
We don’t know of 


yet. Our discussions here are 


ond power plans. We 
eure h ve 
actors, ich type 
helping 
us frame the answer 

much too 
hall have 


huild ourselves ol 


As to power reactor 
early to tell if and when we 
Whether we 
import them ready 


them, 

made will depend 

on the conditions of time, et« 
Manpower 


manpower 


resources. Trained 
i big problem We 


number ol generall 


Is not 
have a trained 
nuclear physicists. We weleome th 
opportunity for special training offered 


us by the U.S. and Great Britain 
Our 


physics is at the Universit 


center of learning 
ot ( 
Bohr 


well equipped 


open 


hagen under Professor The 


University is quite 


TH. G. KOUYOUMTZELIS 
Professor of Physic Unive ly of Ather 
Secretary General, Vational Atomic Ene 


Commission 


Only thanks to the U. 8S. agreement 
can we contemplate purchasing a re 


And 


more 


search reactor in the near future 


it will also permit us te end 


people for study to the U.S so far. on 
account of expense it was Europe 
Atomic 


Greece set up a 


organization. Last yea 
National Atomic 
Energy Commission, of which I am the 
Secretary-General. The Chairman is 
Admiral Spanidis 
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Che 25 members o 


Commission serve as advisers to 
1 

> government in all 
to the 


fessors, five belong to the militar. 


matters pertain- 
Twelve are pro- 


and 


atom 


eight represent various interested go 
ernment departments 
become 


This Commission will 


SOOT 


the center for all atomic studies in 
Greece, when it gets the equipment it 
needs It 
supported and soon will spend $20,000 


10.000 in 


is exclusively government 


purchase ol 
from the U.S 


shall go to the U.S 


equipment 
mainly In October, | 
and order some of 
this equipment 

To spread the use of isotopes is one 
of the most urgent tasks of the Com 
mission. By law, importation of iso 


topes is subject to a Commission 
permit 

The Commission plans are: (a) to 
develop fellowship programs with the 
help of funds provided by FOA and the 
United Nations Technical Assistance 
program; (b) to set up this winter a 
good laboratory for nuclear studies and 
research (so far our teaching has been 
mostly of the blackboard type); (c) ina 
couple of years or so, to install a re 
search reactor in Athens 
and power plans. We 


what type our re- 


Reactor 
have not decided 
search reactor will be \lost probably 
we shall buy from the most favorable 
the U. S., thanks to the agree 
We need the reactor not on! 
for research but also for production of 


them 


source, 


ment 


short-lived 
Harwell 


impractical 


isotopes——importing 


Irom turned out to be too 


The Commission does not intend to 


set up, even later, power reactors. It 


will be restricted to scientific work and 
will only advise the government on this 
will 


Industry have to set up the 


powel reactors According to ow 


calculations, we shall be very short of 
electric power in ten years from now 


shall know 


the cost of atom-produced electricity 


By then we more about 
But I presume it will be a new fuel that 
The Con 


ference did not give us exact figures on 


we can use advantageously 


so we have to wait 
Manpower resources. We lack of 


nuclear physicists today. So far, nu 


power costs 


cleonies is taught only briefly by general 
But we 


physicists have two people 


working at Argonne on nuclear re 
two at Copen 


at CERN 


The agreement will permit 


we have one ol 
with Prof 
in Geneva 
us to 


earch: 


hagen sSohr, and 


irom 


send many more tothe U.S 


now on. Sut we also contemplate 
sending people on shorter study trips 


Harwell, for 


xopoulos also Pro- 


month 

Prof. Ale 
Physics at the I ni 
Athens, and myself 


one or 80 to 
instance 
lessor of versity ol 
will, for instance 
spend 15 days in Norway and visit the 
Kjeller this 
Also, Prof. Pantazis, of the Universit, 
Department of Zoolog will visit 


France and the U. K 


reactor alter Conference 


ISRAEL 
WALTER EYTAN 


Director General, 


Foreign Affairs 


Vinistry for 


We signed the U. 8 


agreement 4s a 
starting point; we are bound to take an 
exceptional interest in creating our own 
SsOurces Our electricity 


tour vears We 


in domestic fuels 


energy needs 


double every are poo! 
no oil, no coal—and 
ve depend on oil imports for our powe 
upply On account of the boycott by 
the Arab countries, we 


from the 


cannot get oil 


nearest sources Iraq and 
Saudi Arabia, but must import it all the 
way from Venezuela 

W e have been 


research since the 
1945 


Atomic organization. 
interested in atomi 
and 
1952 


Energy 


very inception of our State 
immediately. In 
Atomic 


was set up by 


started work 


our central 


agency 
Commission of Israel 
It has its own budget 
Prof. David Berg- 
mann is the Chairman of this Commis- 
and Dr Dostrowsky its 
Director of Research 

Apart from the 


ratories, where the top-scientists work 


the government 


ind laboratories 
sion Israel 
(Commission's labo- 


work 1s concentrated in three 


the Hebrew 


itomn 


institutions University in 


Jerusalem, the most important where 


work: the Weizman 
at Rehovot 


scientists 


most students 


Institute of Science where 
work ex- 
and the 


mainly engineering 


several graduate 


clusively in nuclear research 


Pechnion in Haifa 

and metallurgical studies 
Reactor and power plans. To elim- 

inate power dependency, we have done 


research and have already achieved 


promising results in two fields: nuclear 
ind solar energy 


In 1948 we discovered large phos- 


phate deposits in the Negeb contain- 
to O.OLG 


ing uranium of 0.1 content 
We have studied 


ently economic process to extract the 


metal 


and found a suffi- 


from the phosphate ore. which 
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Reactions to the United Nations Conference 


highlight was appraisal of scientific and technica 


ributions jJrom diffe rent countries Another was estab 


ent an ong 8cu ntists of a more ample coo pe ratior 


De Mattos, Brazil 


greatest impression this confe rence made on us 18 one of 

rprise at the considerable advances made in this field 

ing the past fe w years. Especially we realized jor the 
time that we have already reached the commercial 


ge in the production of reactors. 


> 
viii 


The pervod of secrecy is now over, forever probably We can 
j 


at long last work normally in developing this new science 


(iordan Ital / 


here did we realize how far ahead the advanced countries 
€ gom WW € also le arned hou erpenswe re actors are 

that the United Nations has puta hand in this, we hope 
ull not stop at that. Giving knowledge is fine, but assist 
lo unde rdeveloped countries in using this k nou ledge for 
own good is even more important. We hope UN Teel 
issistance, in particular, and other agencies will help u 
is field as they do in others 

Ahmad, Pakistan 


1¢ first, I thought that propaganda was the main aim, but / 
soon realized that the scientific aspects did take the overhand 
The nations now realize they must conduct exchange of in 
Also, the friendly con 


tacts between East and West mean a lot to us. 


formation uf they want to go ahead 


Serrano, the Philippines 


We particularly appreciated the American pres nlahions 
We have also been quite surprised at the willingness of the 
Russians, for the first time, to answer our questions and to 
exchange information. They have even approached us on 
their own initiative We have also strengthened our contacts 
with the U.K 


the conference is treme ndously important lt has blown 


From the point of view of our public opinion 


away the atom bomb scare and shown that the atom 18 above 
all, or can be, an instrument of peace and better living 


Scherrer, Switzerland 


We now know whom we shall contact on future problems 


Rangs? shit. Thailand 


This is a real school for us; we have gathered extreme ly useful 
information that we shall have to study and digest for years 

and translate in part into Turkish for our students, aa all 
We found 


the atmosphere much more friendly than we had expected and 


teaching is done in Turkish in our universities 


made very useful contacts 


Tanyel, Turkey 


We have learned more in these few days than in months of 
study. Butina way we did not get a categorie answer to our 


two main problems: which power reactors are most convenient 


for our country, and, even more important, what the cost of 


medium-sized reactors would be Reactors still seem too 
expensive, but we shall continue the study of these questions 
with fre sh impetus 


Hill ruguay 


Line an be applied to other similar 


ITALY 
FRANCESCO GIORDANI 


( hairman, Vat onal Committee for \ uclear 


low-grade ores. We consider that even 
with the 0.01% phosphate the process 
economical, for we use the remainde1 
We have also developed our own 


process for manufacturing heavy wate1 


i distillation process; we are per- As a result of 


g it now. We are too poor in 

city to use other processes 
As to solar energy, this might be our U.8 
greatest future fuel source. We are 
rich in sunshine, and will do all 
ve can to utilize it. Here too, we are 
ng good headway It may even 
be that we shall produce electricity by 
power sooner than we produce it this contractor 
“ar power, and cheaper. Our 
in this field, Dr. Henry 


of the Scientific Research 


Council of Israel in Jerusalem, is push- under private auspices and is now 


ng experimentation as last as possible under the new 


Manpower resources. We need to Committee of which 


train more men, but we shall find them 
We are rich in high-class 

ind as far as possible we want 

nour people at home. However borne entirely by 


have done previously, we shall 


| missions from to time all over the is giving two billion 
ibout $4-muillion 


to improve our knowledge nuclear researc! 
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Research; Professor of General Chemistry, 


Unive raily oj Vaple 


shall build a CP5-type reactor, partly 


Within two years we expect the 
reactor to be completed near Milan we have a 30-Mey 

Atomic organization. We shall fol- 
low the svstem used by the U. 8.—the 
government keeping the property, but 
using a contractor to run it 


Informazioni Studi ed Esperienze 


Information, Studies 


Center), an organization which started 
I am chairman) 
expenses “are shared 
However, cost of 


For the time being 


For fundamental research, we have 
the Institute for Nuclear Research 
which acts through four sections—in the 
Universities of Rome, Turin, Milan and 
Padova And for engineers we have 
Milan Polytechnical School courses.’ 
agreement, we We also have peopie working in the 
CISE plants and laboratorie We 


built in Italy, partly imported from the have some good equipment, but our 


accelerators are too small, In Turin 
betatron and a 
100-Mev electron synchrotron Nea! 
Rome we have just started building a 
1 ,000- Mey 

Reactor and power plans. In ten 


nehrotron 
In Italy 


the CISE (Centro years we shall have more or less ex 


hausted our hvydroelectru potential 
and Experience ities, so we will need other fuel 
We wish to make another agreement 


with the U.S. for a power reactor | 


central agency (the plan to go to the U. 8. in October to 


discuss this The Press has heen al 
fifty-fifty hbe- ready talking about negotiations be 


tween government and private sources tween FIAT and Westinghouse (see 


reactor will be NU, Sept. 55, p. 14), but nothing has 


the government been decided, These are only pre 


the government liminary contacts on possibilities 


lires a vear for We have some uranium in Italy and 


have mined very small quantities —in 
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the order of tens of ton 
for instance, been able to 


to Switzerland, as a 


JAPAN 
YOSHIO FUJIOKA 


Faculty of Science, Tokyo 


of Education 


Atomic organization 
central agency for atom et 
but our government contemplating 


the setting up of sue nstitution 


probably to be half governmental, half 
A draft 
prepared yet. This will be 
1956, as it has to 
regular session of Par! 

In 1955 
set up and a 
but thi 


be revised next ve It not 


civilian, statute has not been 


herore 


a small private 
mace 


har 


small yrant 


committee etup | 


factors esper ially beeause nobod is 


really responsible. We need a super 

Vieory organ 
Reactor 

future ageney will erect 

Tokyo. To rt with, we 

shall import from the U.S. a 

eientist 


The 
prob 


and power plans. 
rcentel 
ably near 
reactor, so as to train oul 


pn 
Then, our mission ired the 


world recommended to ernment 
the building of a re igned b 


Japanese—heavy natural 


uranium type-—-and 4 ly of pilo 


reactors for each type. But vill 


depend on the budget granted to the 
future central organization for 
research 

I helieve we 
atomic fuel in 20-25 y1 till 
itput, but 


double our his dro ele etri 


plants are getting more and more ¢ 
pensive We will also improve ou 


somewhat antiquated coal-burning 
plants, but even so there will be 
in 20-25 year 

In spite of newspaper ¢ 


commercially 


deposit in 


certain yet that we have 


useful uranium Japan 


Prospecting is goIng on, but no definite 
answer can be given at present 


experience n 


Manpower resources. So fa! 


anese industry has no 


atomic energy to speak of We have 


a little experience in cyclotrons, but we 


need many more trained nuclear 


physicists and must educate them 


This is why we have sent people to 
Argonne and Oak Ridge courses, So 
far, our people have only gone to the 


U. 8S. for 
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such training We wish to 


end high-level people not to school 


courses, but to do practical work 


KOREA 
CHULCHAI PARK 


Director, Bureau of Technological 
Education, Ministry of Education 
We expect many benefits from the 
igreement, especially in the training of 
ur young physicists 
Atomic organization. We have no 
national yet, but the 


govern 


agency 


ment is studying a law to set one up 


Reactor plans. We 
hall not be 


first trained people come back from the 


and power 
able to do much until our 
l 5S. in three years or so Then we 
plan to get a research reactor and start 
vorking in Seoul itself 

As we ure 


oil, atomic energy is important to us, in 


a country without coal or 


particular as we are prospecting the 
country for uranium We have al 
ready sent some samples to the U.S 
results of 


verthe 


received the 
The future is ne 


but haven't 
inalysis yet 
ultable 


less promising. If we have 


uranium deposits, they will be joint! 


exploited by the U.S. and u 
Manpower resources. \We have no 
cs at the Na 


of Seoul vet, but we 


char for nuclear phys 
tional University 
xpect to have one in a couple of years 
We expect to send six people to Oak 


Ridge 200n some of oul people ire 


in the U.S. now—for instance, Dr. Lee 


hoisa member of the delegation, does 


post-graduate work at Florida State 


LEBANON 
SALWA NASSAR 
Professor of Phy ica, 
at Beirut 


{merican ( niver 


Lebanon signed the agreement onl) 


recently So far, no practical steps 
I taken 
rapid 
President of the Republi 


ive been However 


vill be 


Chamoun 


progress 
especially as Camille 
is personally very interested in nuclear 


power. As soon as we are ready, we 
expect to get great help from the U.S 
for the realization of our program. 

have no 


rhe five 


or six Lebanese scientists trained in this 


Atomic organization. We 
central atomic authority yet 


field got together some months ago 


with the blessing of the President of 


the Republic, to set up a charter for 


ch an authority The charter draft 


ready and is being studied bv the 
ernment. It proposes the 


it National 


vould 


setting 


esearch 


scientific 
main but not 
ith atom 


yyests that 


energy 
1% of 
dedicated to the 


yblems. It also su 
the national budget be 
of the Couneil (which would mean 
$500,000 


If the charter is 


task 
ipbout 
cepted the first 


ve plan is to establish labora 


ries, then chose the staff and award 
is many scholarships as possible 
Reactor and power plans. As to 
the possibility of setting up a reactor of 
this After a 


while, if funds are a the future 


iny kind is still remote 


ilable 


council may buy a research reactor of 
tilable type but the 
at least 


still very far off 


the smallest ay 
etting up of a power reactor 
by the 
\ new 
vill produce a large 
Lebanon) of electricity 


We do not 


hance lor 


government is 


$25-million irrigation project 
quantity lor 
is a by-product 
think nuclear power has a 


a long time to come, due to 


the small size of our country. 
A rather Inadequate study of possible 
Lebanon 


resources of uranium ore in 


as made some time ago, with negative 
sult A me 


vith modern instruments 


hould be nh ule 
This would 
Na- 


searc! 


the tasks of the future 


e one oT 


tional Scientific Research Council 


One of the most useful things we 


that uranium ore may 


ron k 


generally 


learned he re is 


be found even in sedimentar’ 
limestone . ave 
eountl vs thought, 

BOW that . vi not 
will 
encouragement 
This 


we have 


sing at all in tl ne ve 
rt again with fresl 
Manpower resources. prob- 
isa great one Up to now 
handful of trained 


ni i prolessors, 


ittered in our three institutes of 


ghet learning the Lebanese Uni- 

sit which is a recent creation, the 
American Uni ind the French- 
inspired Center for Physics and Mathe- 
matics (Centre de Phy 
Vathématiques We have 


versit 


sique et de 
no institu 
doctor- 


tion yet capable of delivering 


ite which must be obtained abroad 
ur greatest difficulty 


We have at present 


will be to have 
rh teachers 
dozen students 


ibout hall i 


cializing in this field abroad, in the 


Bis K., continental Europe 
and even one in New Zealand. 
difficulty is the 


vying abroad We are 
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some U e) and 


scholarships 


probably obtain more than we 

Only a minority ol scholarships 

inted from Lebanese funds 

have only about four capable 

and we shall need 
At the Lebanese 


ity, there are about 50 students 


in physics 


s1x time more, 


physics, but it is impossible 


how many will later special- 


COCO R RRR R EERE RRR T EERE EERE SE RETR EERE EEE EE EEe 


THE NETHERLANDS 


J. M. W. MILATZ 
Director, Reaktor Centrum Nederland: 
/ 0 Unive ty of Utrecht 
with the U. S. will 
is to buy a 
rapidly We 


currently 


yreement 
materials testing 
haven't chosen 
pe, but are discussing 
itter in Geneva. 
have another agreement with the 
through which we shall get some 
ad uranium and an agreement 
for the delivery of D.O 


ed, with Norway 


Norw i\ 
it is more of a 
effort than a simple agreement 
ive agreed that we shall use our 

in common; the Norwegians 


10-Mw 


! vater reactor that e¢ mmplements 


uld a steam-producing 
yram 

Mur central 
for nuclear energy is the Reak 
Nederland, of which I 


been named Director 
Board is Dr 


Atomic organization. 
(Centrum 
if the 


organization & support comes 


eC 


m the Dutch government, 25% 
electrical factories of the 
5% from the rest of 

Its total 

it 28-million Dutch guilders 
first 


115-million guilders 


budge t 1s 


$7 .5-mullion For the 
the budget 1 
alter year 


We plan 


nerense veal 


Reactor and power plans. 
n Holland a 20-Mw materials 


tor vith high flux 
«. We shall build 


American industry; 


very 


In of 
Ip of 


r construction tor two or 


build a 


reactor 


decided to 
Suspension 
design we have described 
This is to be built 
\LA, the laboratory of the Dutch 


ference 


lactones 


The site of the larger Dutch reactor 
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selected We 


large space for it 


has not been need a 
Our reactors will serve primarily to 


stimulate our industry to produce 


electricity——our needs double every ten 
vears and we may soon have a shortage 
scientific and technical 
But a 


field in which we are particularly inter- 


of coal—and for 


education of our physicists 
ested is ship propulsion 

Our physi- 
the 


and partly in 


Manpower resources. 
cists are being trained partly in 
U. &.., partly in the U.K 


Norway 


PAKISTAN 


NAZIR AHMAD 
Chairn an, Altomu Kine ju Commi 


Chairman, Tarifl Commi ion 


the 
the 


fully 


energy tor 


Our go. realizes 


ernment 
Importance of atom 
signed the 


the 


future. That is why we 


bilateral agreement with U. § 


We expect man vivantages from it 
at the beginning 
We have re 
called 


which 


although we are only 

Atomic organization. 
cently set up a national agency 
the Atomic Knerg 


will supery the 


Committee 
field It is 
scientists 

officials 


whole 


made up nembers 


engineers vernment 


nominated b ie government I am 


the chairman of this which will 


enc, 


uivise the ernment on all matters 


pertaining to atomic energy research 


ete For the current vear, the govern 


ment made a grant of 2', million rupee - 


about $600,000) to the committee 


quite a sizabie um for our counts 

With these 
ably 
mittee will first 


funds, which will prob 


ir after year, the com 


grow 
train Pakistani in nu 
research 


‘ar ph then set up a 


reactor 


Reactor The 


need 


plans. 

shall 
vhat more powerful in 
shibited by the U.S 


before we 


and power 


first research reactor we 
should De scrrie 
flux than the one ¢ 
But 


at Geneva can pur 


hase it, we have to finalize our plans 
for the training of our atomic scientists 
(see section on 


At a 


build or purchase a 


manpower resources) 
shall 


power 


later stage, we have to 
reactor 
Plans are not advanced enough to indi- 
shall 


power! 


cate when, but in any case we 


have to get a new source of 


around 1960-1965, when our present 


possibilities will be nearing exhaustion 
Soon our total supply of conventional 


fuel will fall short of our total require- 


ments—the gap is widening every day 
and we shall have to use atomic fuels 
The government is at present organ- 
irticular 


izing a survey of ores in p 


uranium and thorium It is too early 
to tell 


raw 


able to get our 
the 


but we may be 


fuel from our land in future 
There ts a good probability of success 

We do not know vet 
fuel We 


able to make arrangements for 


if we shall use 
enriched shall probably be 
having 
our own mineral enriched in the [ s 
it for enriched 


or | ngland or exe hange 


fuel, or we might by then prefer a reac 


tor that can use natural uranium, for 


instance, In this respect, we shall see 
more light after we go to Harwell, after 
the conference, and have een the 
British project for use of natural I 
Manpower resources. (ur trained 
still terribly 


And it is in this respect that we expect 


manpower 1s insufhiment 


most help from the bilateral agreement 
We are 


abroad for 


menus we cun 
tothe U.S 
(juite 


sending 1S iat 


study—-mainh 


but also some to England 


recently, the first group of four returned 
to Pakistan from the U.S. They will 
teach nuclear go into 


either ence or 


research probably both at the name 


time sut we need man 


We have 
ol scholarships in thi 


more 
about two dozen 
field 
stuclies, ete out ot 
tudents 


so taronti 
including 
COSMIC-TAY i total 
of some 400 smence ibroad 


soon be closed. as there 


This gap ma 
is a very great enthusiasm among our 
particular 
ersite it 
Pa havar | thore will 
specialized teachers in nu 
clear physi © that a few yea 


will be able to think 


youth for physi indsoin 
nuclear physi Our unl 
Karachi, Daca 
sanoni have 
* from 
now we ersously 
ol pu chasing a research reactor for 


them ! 


Specifications will 
we shall probabl bu the 


find the most ad 


” et up 
and reactor 
anta 


Viean 


iwreement with the | a) 


W here we can 


geous terms for such purchase 
while, the 
to get isotope train 


permits u young 


scientist ind «6get ba equipment 


favorabl 


PERU 
GEORGE SARMIENTO 


Chairman, Radioactive 
Control Board 


The agreement with the If =. are 
the key 
sources politics We have 


to our atomic energy and re 


two agree 
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ments: one, signed Sep 
by which we undertake 
available uranium = re 
disposal of the U.S 
in June 1955, pro 
the purchase of researc! 
Atomic organization. \\« 
national nuclear energy com 
contemplating 


Then 


which I am the chairt 


yet, but we are 
establishment of one 
Board of 
(comparable to the Raw Material 
Ah 
part oj thi 


Division of the U.S vill proba 


bly become a centra 


authority. 


foard concentrate 


At present, the 


on help for those who are prospecting 
the country for uranium, et We sup 
ply U.S. purchased instruments wit! 
out profit or taxe we suppl 
analysis; we also provide literature 
We have started systematic 


tion of uranium deposits in 


prospec 
our count 
and have already sent samples to the 
U. 8. AEC for 


are good prospects of disco 


examination. There 
ering usable 
deposits, as signs of radioactivity exist 
in many parts of the count: 
Reactor and power plans. 
time in the near future, we 
research reactor in the | 
not yet tell when 
As to power reactors, it i 
to give an opinion We have coal, oil 
and hydropower in Peru, and are de 
veloping these fuels as much as po 


certain parts of the country at least, if 


But a time may when, in 


come 


may be more profitable to set up atomir 


energy plants, Then it will be up to 
industry, domestic or foreign, to up 
such reactors. Our laws in this respect 
are probably the most liberal in all the 
Latin American countries: there are no 


restrictions against export of profit 


and currency is freely exchangeable 
Our government tres to attract foreign 
cle Ve LO} thre 


investments to man 


numerous opportunities Peru offer 
Manpower resources. Trained 

manpower is a great problem some ol 

our schools do train p! C) hut 

have no special ten ng tor nuel 

physics now We have 

graduates to the 

shall oon 


also select appropriats people for 


achool, but we 
ther training in U.S. special cour 
There is also a plan to estab! 
this Institute of 
Physics at Lima 


year, an 
which will be 
help in the training of 


nuclear sence 


36 


The Peruvian government in certain 


wes gives study selected 


grants t 
people (for instance against a promise 
to work for the government later) to 
tudy in the U. S. Even when the 

their 


lents prefer to go to the U.S 


studies, our stu 
than to 


must pa\ own 


iny other country. 


THE PHILIPPINES 
FELIXBERTO M. SERRANO 


1 mbassador, Permanent Representative to 


the United Nationa 


Keven though the bilateral igreement 

is signed this year, we have not yet 
been able to make much due 
to financial difficulties mainly Never 


theless 


progress 
it represents a valuable basis 
ind we shall continue negotiations in 


Washington for its gradual imple 


mentation Sut it will take time 
We are only 
field | 


haven't entered it yet 


beginning to enter the 


nuclear would even “uy we 


Atomic organization. We have no 


itomic Commission yet Dut as one 


lesson of this Conference | am going to 
uggest formally 
I will have the charters of the national 


of the s 


that we set up one 
i ithorities ( anada 
Australia 


| believe 


and england studied 
that we shall 


Commission in about 


have ii 
Nuclear Energy 


two years We cannot do it earlie! 
because we do not yet have the men 
I shall 
my proposal to the Ministry 
Affairs, submit it to the 
President of the Republic 
make the final decision 
Reactor and power plans. 
is still 
not have the means for the time 
And in 


the island of 


for such an agency submit 
of Foreign 
which will 


who will 


suving 
We do 


being 


i reactor very far off 


sectors (for instance in 


Mindanao 


must first complete oul 


many 
which is rich 
nh water) we 
irrigation and hydro-electric programs 
we are investing $7.5-million for this 
in Mindanao alone) 

It may be possible that later some 
wrivate corporation will decide to set 


up a power reactor, especially near 


Manila, our main industrial cente: 


vhich has not enough electric power 
Indeed, the MERALCO (Manila Ele: 
tric Co.) is thinking along these lines 
ilready And one of my proposals to 
the government will be that wheneve: 
t private corporation sets up a powel 
reactor, it should be compelled by law 


to give tree access to it to all our 


nterested want to con- 


groups We 


luct research in this field, but we can 


spend only ver little lor it 
There are signs of uranium deposits 
inces, but we have not 


Qne of the 


ith se veral proy 


prospected them et 
benefits of this conference for our men 
s that we heard a lot about prospecting 
methods prot 


and we are going to 


considerably from this information 


when the time comes The prospec t- 
done by the government 


Mines 
Manpower resources. | 


ing will be 
Bureau of 


shall 


government the organ 


rec- 
ommend to m 
ization of special courses in colleges 
and universities on nucleonics as soon 
ible 
probably from the U.S 


iS pos with teachers from other 
countries 

To fill at least partially 
teachers in this field 
ent to the | 


students 


our dearth of 
we have already 
. 5. half a dozen promising 
of this 
return their 
Oak Ridge, ete 
close of the 
later 


four are members 


delegation and will 
Princeton 
after the 
This 


eore ot oul 


studies at 
immediately 
will 


( onterence group 


form the program for 


training of our scientists 


PORTUGAL 


JOSE FREDERICO ULRICH 
Junta de Energia Nuclear 


Vuclear Energy Comn sion of Portugal 


( hairman 


The bilateral agreement with the 


| S. was signed onl ery recently, so 


we haven't vet been able to get con- 


crete benefits from it Sut we expect 
that it will be of great help to us, in 
particular for the first years to come, in 
the field of technical help for the train- 
ing of our technicians and scientists in 


field 


the nuclear 


Atomic organization. We set up 


signing the agreement, a 


ove ronmental Atom { 


hon It is called the 
I am the Chairman of this 


even betore 
Energy Commis 
Junta de Energia 
ithority The Commission receives 
wecord- 


These 


funds from the government 


to its needs at the time 


hy 


funds are naturally increasing yearly 


We do not 


tore nol 


ourselves set up labora 


acquire facilities vet lor 


the time being, the Commission works 


n cooperation with, and uses the facil- 


another government agen 
the Institute for Highe 


Lisbon. At the present time, some 50 


ties of 


Studies at 


tudents are specializing in nucleonics 


Institute This 
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ind to grow quickly as the enthusi- 


is very great amoung our young 
ple for this kind of science 

Reactor and power plans. We «lo 
what kind of reactor we 


How- 


would go to an 


ot know yet 
buy, nor when and where. 
our prelerence 
pment using natural uranium, in 
to use our own resources of this 
neral. Maybe the British would be 
the best source for such reactor, but we 
t know yet. 

We shall probably have a research 
reactor of some kind or other, a small 
one, in a year or two, for the further 
training of our And we 
to build a 


1965 


specialists. 


power reactor around 


we have neither coal or oil re- 


ces, and as our water supply for 


lro-electric power is very irregular 


hifting between 100 and 40% accord- 


ing to rains, ete.) nuclear power pre- 


nts a tremendous interest for our 


yuuntrv, as we could use our own 


inium resources, or those of our 
erseas territories (Angola, Mosambic, 
vhere prospecting started in 1954). 
We are at present actively prospect- 
uranium 
have. We are 


including aerial 


our territory § tor ore, 


ich we know we 
modern means, 
ering and canvassing. Provisional 


mates would indicate that we 


ld be in a position to cover the 
y of our needs of electricity with 
own in one ot! 


uranium resources 


two decades, if nuclear science con- 
tinues to progress at the same pace as 
during the past few years. 

Manpower resources. We are at 
short of 
are doing all we can to 
this 


half a 


sent very trained man- 


ver, but we 
new science 


new men in 


have about dozen men 


ving in the United Kingdom, one 
Argonne reactor school, a 


Nancy 


uranium prospecting, and in 


in at the 
ple at the (France) school, 
dving 


er European special training centers 


expect to have more each year. 


REPUBLIC OF CHINA 


H. R. WEl 
an 
of China Atomic 


y Delegation to Geneva Conference 


see the bilateral agreement with 
Ss. as mutual to an international 
The 


bilateral stresses train- 
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We have an 


council that coordinates 


Atomic organization. 
atomic energ' 
the efforts of existing universities and 
bilateral 


It consists of representa- 


ministries It predates the 
agreement 
tives of the 


experts SX 


ministries concerned and 
of these experts were in 
rhe Minis- 
Education is chairman of the 
reflecting the fact that the 


present effort is most concerned with 


our delegation it Creneva 
ter ol 


program 


research and training 
Reactor and powerplans. Formosa 
has lots of but the best 


two-thirds of it is already 


water powel 
being uti- 
We 


sands 


lized and the supply fluctuates. 


have some thorium in beach 
We especially feel that atomic power 
but the 


training ol 


future, 
the 


will be useful in the 


primary need is for 
people and the advancement of isotope 
(we have been getting 
from Oak Ridge) 

We plan first to acquire an experi- 
that 


source and for the 


uses Isotopes 


mental research reactor will be 


used as a neutron 


production of short-lived isotopes 
We're still studying the type of reactor 
and are about ready to submit definite 
recommendations to the Atomic Energy 
Council for the purchase of this reactor 
In acquiring the reactor we will make 
full use of the position we occupy under 
the bilateral agreement with the U.S. 


We need to 


send one or 


Manpower resources. 
We plan to 
Argonne in October 
to Oak 


first step in getting more trained men 


train men 


two men to and 


one medical man Ridge as a 


for our program 


CORRE REE REE REE E EERE REECE HERRERO EERE EERE R EERE 


SPAIN 


JOSE MARIA OTERO NAVASCUES 
Vice President of the Nu 


Commission 


clear Ene rgy 


The with the U. S. is 


extremely 


agreement 
important to us, as it will 
permit us to buy an experimental re- 
actor for the production of isotopes, 
the training of our technicians. and the 
testing of certain materials 

Atomic organization. Our govern- 
ment agency concerned is the Junta de 


Nuclear Nuclear 


It is already an impor 


Energia Energy 
Commission 
tant institution for our country, with a 
total staff of some 1,000 people, in 
cluding SO engineers and 


It has set up 


physicists 
laboratories of its own 
and has a budget 


funds, of 140 


paid out of state 


million pesetas, (some 


$3'o-million) per year It works in 


direct contact with industry through 


its advisory council, in which a major 
itv of members stem from industry 

The Commission also gives subsidies 
to Spanish universities——-mainly 
Valencia 
development of nuclear studies 

and power plans. We 
intend to buy a reactor from 


Spain 
and to help them in the 

Reactor 
definitely 
the U. S 


want a more powerful research reactor 


very soon However, we 


the one bought by Switzerland 
exhibited at 


purpose, a group of us will go to the 


than 


and Geneva For this 


U.S. in October and submit our pre- 
specifications, in order to 


later We 
that in some 18 months we shall start 


liminary 
order the reactor expect 
installing the reactor near Madrid 

We will 


reactors 


badly need 
We calculate that in 


will have exhausted our 


SOOT! power 
about 
ten years we 
(dry climate) potential 
We 


conven 


We have 


relatively poor 


resources in hydro-electric power 
do not have enough coal for 
tional coal-burning plants 
no oil, 

But we 


which we started exploiting two years 


have uranium deposits, 


ago. Therefore we want to be able to 
use natural uranium in our 


actors We are 


future re 
advanced in 
the 


or will soon be able to 


fairly 


metallurgy and can concentrate 
ore domestically 
We have already set up a metallurgical 
plant for the 


pilot treatment = of 


uranium ore. We need a conventional 
moderator 

We do hope to start with the building 
years from 


of power reactors in 4-5 


now For the time being, we want to 
wait for the end of the 5-year experi 
Akt 

profit by experience In 
the that 


chosen will have to take into considera 


and 


I Ss 


mentation by the 


their any 


CASE reactor will then be 


tion the sper ial conditions of Spain, in 


particular our lack of water in most 
places 
When the time 


nucleon 


comes, the advisory 


committee for power plants 
of the Junta will advise the 
the t pe ol 


veral 


govern 
ment on reactors needed 
Then 


corporations 


one ors state-owned 
will probably be set up 
for the erection of the plants 

Harwe il 


very much impressed by the 


and wis 


sritish 


I visited recently 


program of natural-uranium reactors 


Manpower resources. We have a 
difficult 
haven't enough trained physicis 


manpower problem 1 we 
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This we tr Lo 


giving scholarships for post-gr 


correr 


our needs 


studies to capable people We 
back 


U. S., and have at pre 


from studs 


already 15 
ent 6 stu 


SWITZERLAND 
PAUL SCHERRER 


Professor, Physics Inatitute 
Federal Polytechnic Inatitute 


Only thanks to thi 


able to 


iwgreement will 


our country be get the uranium 


it needs for the research reactor nov 


under construction The iwreement 


was the solution to one of our g 
problems: for years we were tr 


buy uranium, with no result 


we bought, in 1955, 10 tons of urani 
from the U.S. and will get another 10 


tons from the Belgium Congo We 


have also bought 14 tons of 
(10 tons of metal) in the U. K } 


uranium 


will permit us to go ahead 

We were also extreme glad to be 
able to purchase at a reduced price i 
a result of the agreement, the research 
exhibited in the 
Without 


lost two year 


reactor now park of 
the Palais des Nation 
reactor, we should havs 
Atomic organization. Our national 
agence | the Swi 
Atomic Rese 
on tut 


whi hy 


irticipate 


atomic energy 
ircl 


Aton 
poth 


Commission for 
(Schweizerische Kommis 
SKA in 


and 


forschung) ot 
Indust DD 
Thi 


ndustrs thi 


government 
It was set up in 1946 wene 
mainly supported b 


government contributing some SOO,000 


Swiss frances (slightly under $200,000 
a year to its expense It ha 
built clotron at 


some 


a research ¢ 
$60,000, plus se 


eri 


lear rest rch 


apparatus for nur 

Switzerland is one country 
itself doe 
atomic research than the go 
The latter hesitated up to now 
mit themselves to an 
this field, on account of it 

principle But 


the need to help industs in th held 


industry much more 

ernment 
to com 
other govern 
ment in 
neutrality yraduall 


18 being felt more in government 


spheres, and greater help will be fort! 


Some veal iv | had liter 


coming, 


ally to canvas the large industries to 


beg for some funds for atomic researc! 


ifter this con 


Now, and especially 
ference, the situation is bound to chang: 
rapidly. 

Reactor and power plans. 


first 
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stage, a heavy-water reactor 


be erected, built practically entirely in 
Switzerland, at Wiirenlingen, 30 km 


Zurich. The 


well advanced 


Trom foundations are 


already and we expect 


the reactor to be ready in 2-3 years 
As soon as this reactor functions, we 
shall start 
building of a prototype power reactor 
We shall need atomi 


future 


on the same grounds, the 


power in the 


we have no coal or oil, and our 


hydro-electric power resources, alread 
well developed, (14-billion in use of 25 
billion kwh total) will be exhausted in 
some 20 years or 80 

The building of a power reactor will 
depend on the experiences of the com- 
If it can be 


electricity 


ing yeurs demonstrated 
that 


least 


can be produced at 


as cheaply as by hydro-electri: 
plants, the semi-official public utility 
corporations of Switzerland (financed 
by cantonal governments and industry 
not by the 


doubtlessly be 


federal government) will 
able to raise the neces 
establishment of 


this day, the 


sary funds for the 
power plants jut to 
economy of nuclear fuel plants is too 
uncertain, and we shall have to fight 
for every cent of money we can get to 
build research reactors 

The 


Switzerland, We have 


reactors will be conceived in 
already pre 
pared a large number of projects (the 
present one is number 34), and we are 
quite well advanced theoretically 

From this 


Manpower resources. 


angle we are, or could he. extremel) 
advanced 


started 


well equipped, as we are very 
Indeed, we 


tudying nuclear physics 1S years ago 


in pure science 


ind we have nearly 200 graduate 
nuclear physicists who came out of the 
Zurich Institute 
most of them because they are 


The 


migrated to the 


alone sut we lose 
not paid 
enough in Switzerland majority 
of them have U.S. o: 
own pupils, D1 
Harwell, for 


will have to be 


england One of my 


Bretscher, is a director at 
instance Something 
done soon to stop this migration; the 
best remedy will be higher salaries 
The 
Zurich 


2 


universities of Basle, Berne 


and Geneva also are teaching 
| 


one or the other field of nuclear physi 


THAILAND 


MUNI V. VEIYANT RANGSRISHT 
Deputy Prime Minister; 
Rector, Chulalongkorn Unive sily 


The agreement is one of principle 


and it will no doubt help us conside: 


ipl when we are ready to get deeper 
But 


farther than we 


into atomic power and science 


erore we can go an 


ire now we need teachers ind 


labor stories 
Less than a 


National Com- 


Atomic organization. 
year ago, we set up a 
Atom 
works in connection 
Commission We 
vith the department 


which 
National 


Work in 


mittee lor Energy 
vith our 
bone rey 
close cooperation 
of mines, whose acting director-general 


Mr. Vija Sethaput, is 


Our 


here with me 


committee is, for the present, an 
administrative and theoretical body on 
these problems It has no material 
facilities of its own. Its main work is 
reporting on these new problems to the 
Crovernment 


plans. We 


reactor to! 


Reactor and power 
like to 


Bangkok University as soon as 


would receive a 
POssl- 
ble, but we cannot now afford one, even 


And 
to set up laboratories too 


we should be able 
All this is 
The 


research would most prob- 


at half-price 
i problem for the near future 
reactor tor 
ibly come from the U. S., as we shall 
probably get the most favorable condi- 
tions from America 
At a later stage, we hope to set up a 


power reactor, for we shall be short of 
electricity due to the industrial develop- 


Thailand We 


only 


ment now starting in 
have lignite 


little oil 


can use one, tor we 


1s our main fuel, and very 
Atomic power would find a ready place 
in our development 

We don’t know 
uranium deposits lor systemati 


However 


some signs of the occurrence 


vet if we have sizable 
pros- 
pecting has not started 
there are 
shall be 
later in this field 


yet lor 


of uranium ore \lavbe we 


able to do some worl 
We have no modern equipment 
prospecting, although we have a few 


Geiger counters at the University 


Manpower resources. At present 
we have only a handful of physicists 
We plan to teach nuclear physics in 
the Chulalongkorn 


the near future at 


University in Bangkok, but we are not 
quite ready 

We have four or five graduate physi 
cists doing higher studies in the U.S 


at present two are at Argonne lol 


example We expect to send others 
4 couple have Thai government fel- 
lowships, but for the others 
rely on help from either the 
ICA, formerly FOA), or the 
through its Technical Ass 


program. 
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TURKEY 


BESIM TANYEL 


of Physics, University of Ankara 


rkey signed the agreement with 
Ss. a8 a matter of principle espe- 
to be able to get, some time in 
future, an inexpensive research 
and to benefit from the facili- 
the U. 8S. for 


our physicists in atomic science. 


reacto! 
ties offered by training 
Atomic organization. We have no 


entral agency for atomic research, 
ilthough we may establish one in the 
future. At 
nected with this science is done at ou 


Ankara 


soth these universities de- 


present, everything con- 


two main universities, and 
Istanbul 
liver certificates in atomic physics; at 
1950. 
At Ankara we do research on Geiger- 
Mille: 


on molecular 


Ankara we have done so since 
counters, and we have a project 
physics with high-fre- 
the 


still beginning. 


quency currents on way, for iIn- 
stance Sut we are 
our 


laboratories are as yet poorly 


equipped for nuclear studies. Instan- 


bul University, however, has an accel- 

erator and is in the process of buying a 
lotron from the Netherlands 
Reactor 


for the 


and power plans. Our 
future can be summarized 


First 


pial 
i 


I 
is follows we shall purchase a 
reactor in the 
less like the one exhibited at 

Much 


least 50 or 100 nuclear physicists we 


mati research U S., 


more ol 


later, when we have 


contemplate the purchase ol a 


reactor Our coal and lignite 


will be well nigh exhausted 


5 vears or so. In some 5 or 


we shall know if atomic fuel 
er than hydro-electric plants 
decide accord- 


country, and 


But today, we are still learning 
ut this new science and technique, 
to uranium deposits, we do not 


rw vet if we have usable ones. Our 

irtment of Mineralogy has started 
rospecting, but it is too early to pass 
lvement on such resources. 


start 


Manpower resources. As a 
ir manpower development 
and thanks to the bilateral agree- 
e have already sent five physi- 
id engineers to study in the U.8 
Next 
xpect to send about one dozen 


We also 


Paris for 


ernment scholarships. 


for spec ial studies. 
sicist training in 
a man who did not know 


but knew French. 
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There is great enthusiasm among our 
young people for nuclear science, so we 
expect to have more and more special- 
time, maybe a hundred in 


ists with 


some ten years 


SSS S STEHT HERE EE EERE EERE SEER EE HEE R REE EE REESE EE Ee 


URUGUAY 


WALTER S. HILL 
Director, Physics Inatitute, 
Department, Uni 


Engine ering 


ersuy of Uruguay 


We were glad the government signed 
quite recently, the agreement with the 
U. 8., which will permit us to develop 
our nuclear physics much faster 

Atomic organization. The National 
University (the only one in Uruguay 


where all higher studies are concen- 
trated draft 


for the statutes of a Comision Nacional 


has already prepared a 


de la Energia Atomica (National Com- 
Atomic This is 
being studied by our Executive 


mittee for energy). 
now 
the Consejo Nacional de Gobierno 

In the plan accompanying the stat- 
utes, we suggest that the Commission 


should be granted sufficient funds to 


acquire a research reactor, for training 
and isotope-production purposes 


At this 


started dis 


Reactor and power plans. 


| h ive 
cussing the purchase of a research reac 
tor with some 
It seems that a 
American-A\ 


suit our 


conference already 


U. S. representatives. 
reactor of the North- 
iation type would best 
we have taken 
alter 
I shall go to the U.S 


purpose but 


no decision yet Immediately 


this conference 


and continue preliminary discussions 


As to power reactors, we shall cer 


tainly need several medium-size ones in 


the near future Foday we are already 


short of electric power ind have at 


times to ration distmbution to users 


Even the large hydro-electric plants 


now under construction will fill the gap 


only for a few year We have no coal 


to speak of ind although we have 


promising deposits of oil, the oil we 


could produce later will barely be 


enough flor transportation PUrpPOses 


So atomic energy appears as the best 


solution, as soon as it turns out to be 
economical enough 

Our electric lines only cover a small 
would be 
suffi- 


So we contemplate the setting 


part of the country, and it 


very expensive to extend them 


ciently 
up of several medium-sized atomic 
plants where no lines exist. 


We do not 


reactors we sh 


yet know which type of 
We shall study 


ill Duy. 


the results elsewhere in this field before 
deciding 
As soon as we can prove to the govern- 


that 


economically 


ment atomic power can compete 


with conventional fuel 
(imported fuel oil or coal, which makes 
electricity very costly in our country) 
the government will probably buy the 
necessary reactors 

These will probably be set up jointly 
by ANCAP (Administracion Nacional 

Aleool, Petrolios—the 
fuel and UTE 

Klectricidad—a 
that has the mo 


nopoly for electricity distribution and 


Combustibles 
government agen 
(Usinas Telefonos 4 
government agency 
production ) 
Uranium ore was found in two places 


The the 
rather content, but 


in Uruguay mineral on 
surtace 18 ol 
the 


months we will know bette: 


poor 
area is promising. In a few 
As to man- 


laboratories we are 


Manpower resources. 


power and prob 


ably more advanced than any other 


Latin American state. We have sev- 
eral graduates studying abroad; we 
will send more now that the agreement 
facilitate studies. We al 


have quite a people 


will such 


ready group of 
working on nuclear subjects in several 
of our institutions And thanks to 
the Rockefeller Foundation, which 
gave us $10,000 and to UNESCO's 
Technical Aid ($30,000 for equipment 
experts and fellowships) we were able 
the 


institutes 


to buy valuable instrument mn 


| » so that our universit 
uch studies 


institutes it the 


are now well equipped for 
The 


versity ol 


main Uni 


Uruguay where nuclear 


studies are at present conducted, in 
clude (with director's names in 
theses): physics (W. 8. Hill 


ina Dt Morado , 


Patetta ind 


paren 
endocrs 
nology (Dr. Cervino 
biophysics (D1 
studies (D1 


There is 


enneelr 
Leborgne 
iso a ver vell equipped 
privately founded laborator tudying 
problem Mi | 
Monte 


mac it po ible is 


these bor itor 
Av. & de Octubre 
Private 


it nonprofit but private 


2874 ideo 
grants 
institution, 
The government only contributed to its 
ion and 


the 


setting up in granting perm 
dollars at the official « 


purchase of equipment abroad 


xchange tor 


VENEZUELA 


An interview could not be arranged 


with the Venezuelan delegation 
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Russian Physics at Geneva 


By H. PALEVSKY 

Physi 

Brookhaven National Laboratory 
{ plon Vew York 


Departn ent 


THe 
Peaceful 


INTERNATIONAL CONFERENCE On 
Atomu 


cently ended in Geneva clearly demon 


Uses of energy re 


strated how science can serve the cause 
of peace, All who participated in this 


scientific meeting came away with in 
creased knowledge and appreciation of 
the efforts of their colleagues in other 
lands, From the papers presented in 
the heretofore classified fields of reactor 
physics and engineering it was obvious 
that scientists all over the world had 
working on scientific 


been common 


problems, Isolated from one another 
by security regulations, working com 
pletely independently, scientists solved 
similar problems and obtained strik 


experience in all countries provided the 


ingly similar results 


common 


real basis for mutual understanding 


and trust between the cde legates and 
arious countries 


West the 


most interesting points of the meeting 


representatives of the \ 
For delegates from the 
were the size and 
effort 
Russian 


scope ot the Russian 


scientific sefore the Geneva 


meeting, ecurity regulations 


had extended into all scientifie work 


connected with atomic energy and con 
sequently practically no published work 
was available to western scientists even 
of nuclear re 


in “‘non-sensitive”’ areas 


search, Such scientific work had been 
published freely in the West and had 
provided some basis for comparison of 
scientific potential, A very important 
result of the conference is that it is now 
possible to attempt a realistic estimate 
of the Russian scientific strength 

To keep perspective one should re 
contribution 
from the 


first in estab 


call the impressive U. 8 
at Geneva, This 
work of the U. 8S. AK 
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stemmed 


The Geneva conference provided the first real opportunity 


for scientists of East and West to get to know each other. 


Here a Brookhaven physicist who was at Geneva reports 


impressions of the Russians and their neutron researches 


lishing a sound declassification policy 
and second in presenting a truly repre- 
sentative cross section of our work in 
the vast fields of atomic energy and its 
peacetime applications. As a result 
the entire world saw that the U.S. has 
made tremendous progress in all phases 
of this field 


share its knowledge and technology 


new and was willing to 
In the technical sessions the U. 38. 
presented as many papers as the USSR 


The U.S 


gave details of the design and construc- 


UK, and France combined. 


tion of each of the several power-reac- 


tor types. In the sessions on basi 
physics papers were presented by such 
leading American physicists as Bethe 
Wheeler, Weisskopf. In 


the biological and medical sessions the 


Seitz, and 


39 papers presented by the U.S. clearly 
showed that the 
a good part of its effort and thought to 


U. S. was devoting 


peacetime applications 


Neutron Physics 

As a scientist engaged in research in 
neutron physics, | should like to report 
on Russian measurements of neutron 
cross sections and related constants for 
reactor design. This work provides a 
good example of the scientific effort 
being made in the USSR 

There are three groups actively de 
veloping equipment and measuring 
cross sections, 

The senior group 1s located at the 
Institute for Nuclear Problems of the 
Academy of Sciences of the USSR some 
fifty miles outside of Moscow This 
group is headed by Dr. V. V. Viadi- 
with the nuclear 
research reactor located at this labora 


They 


mirsky and works 


tory have constructed fast 


choppers for neutron measurements in 
the resonance region, and have made 
total and fission measurements on the 
The curves of their 
latest work, presented by Vladimirsky 
at Geneva, indicate that the resolution 


heavy elements. 


of the equipment now in use is bette: 


than 0.1 ysec/meter, which compares 
very well with the 0.07-usec /meter reso- 
lution of the Brookhaven equipment 
At this same laboratory a group pre- 
Nikitin is 
using a 12-Mev cyclotron as a pulsed 
This group 


sented at Geneva byS. L. Sukhoruchkin, 


sumably headed by 8. J. 


neutron source. repre- 
presented results on total cross section 
and Pu*%® 


resonance energy 


measurements of | , U3 
in the thermal and 
They 


measurements of the energy depend- 


regions. have also made direct 
ence of the neutron multiplication, 7, 
first 
nance level in the fissionable materials. 
They used a Hornyak 
scintillator to detect 


from thermal through the reso- 
button-ty pe 
fission neutrons. 
This same technique had been inde- 
pendently developed several years ago 
at the Brookhaven laboratory 

A third group, working in neutron 
physics at the Academy of Science RFT 
reactor at the Lebedez Institute in 
was represented at the meet- 


ing by V. I. Mostovoi and V. Ff 
(;erasimoy Mostovoi and a group of 


\ioscow 


co-workers developed and constructed 


the mechanical velocity selector used 


it this reactor. The chopper has a 
burst time of 4 ywsee and consequently 

ised for measurements in the thermal 
ind low resonance 


energy regions 


Gerasimov presented the results of 
fission and total cross-section measure- 


ments using the above velocity selector. 
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AA KAKA 
KAAAA4 
: qAz 


EAST MEETS WEST. 


( LAKMAAMAAZA 


K. V. Viadimirsky of the USSR (left) converses with H. 


Staub of Switzerland in the lobby of the Palais des Nations 


nteresting part of this report 
development of a fission cham- 
the both 


igments to dis- 


izing signals from 


obtain high 
on against alpha pile-up 
the detailed 
the 


ldition to CTOSS- 


easurements of above 


oups, the USSR 


presented a 
the 


ensive set of papers on 


ition of the other constants 


reactor design calculations 
644)* deseribed the impor- 
the ratio 


vl of obtaining a@ 


“capture to fission 


CTOSS 
mas spectrographi meth 


papers 65) G58 A000 


rned with measurements of 
on multipheation processes in 
a thermal dis- 


(one 


materials for 


neutrons 659) 
resonance integral techniques 
Neutron diffu 


bervilium 


rements 
oderator materials 


wi water was also discussed 
ompton-electron 
deseribed hy L \ 
Se Vit h and \ \ 


mention 


magnetic 

Groshey 

Demidos 
The 
neu- 
10- 


special 
used to measure 


gamma rays of 0.6 
Che spectra they showed 
resolution. In 

Weisskopf of the U.S 
owed some recent USSR 
uined with heavy 
ire better than 
far in the West 


ill impression that an ex- 


response 


elements 


any ob- 


cist gets from review- 


done by the Russians is 


Creneva paper 
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that they h 
the ty pes ol ¢ 


ive attempted nearly all 
xperiments we in the West 
have, utilizing methods and techniques 
This of 


developed all 


similar to 
that 


Various 


our own course 


means the have 


the 


gadgets that we have in 


kinds of equipment and 


our labora 


tories. In this respect it might be 


added that the equipment shown at the 
tussian exhibit leaves little doubt as to 


their « 


ipabilities for manulacturing 


smentifice instruments 
Based 


technical se ions 


on the papers presented at the 
ind on informal con 
scientists 


thei 


versations with the Russian 


| would sa that in most cases 
seem to be is 


Phis 


thre numbers quoted by 


experiments do not 
fact is re 


the 


elaborate oul 
flected in 
tussians which for the most part have 
than 


Kable 


larger limits of 


Howe eT 


parison ire ment 


error our own 


the ret at first com 
between Russian 


West should 


questioning ol 


results and those of the 
once and tor 
Russian abilit perimental physics 
It should be | that in nearly all 
discussion in scientists were 
affable and sho 1 a well-developed 
sense of hut were willing to 
take criticism of work 
difference 


extreme! i! us to 


and when 
the. 


the 


irom 
find 
difference | 


thre r the 


were 
reason 
for such xcept for ian 
ights and actions were 


Western ‘ 


guage 


very like then 


colleagues’ 


The Scientist in Russia 
W he ft 
delegation I it 


the entists from var 


ocial hunetu 
some time wv vil pent discuss 
mience It 


that 


subjects ot ! ! 


during thes I n we lear 


many interesting things about the 


scientist's life in the USSR, and some 
insight into how a country like Russia 
with practically no technology 25 years 
ago, has made such startling progress 

There has been a great effort made 
in the USSR to develop and expand 
their educational system. It 
stated that today there are 
in the 
but in all densely populated sections of 
the USSR As the 


eountry 


was 
universities 
not only western Russian cities 
4ectors of 


the 


large 
were developed govern 
ment provided not only and 
seh but 

and 


one could gather in 


primary 


secondary vols ilso built new 


schools 


these 


universities engineering 
From what 
conversations I would hazard a guess 
that the over-all educational plant in 
is thatinthe U.S 


ol the 


the USSR is as large 


and that university facilities are 


same order of magnitude a own 
the Rus 
Hoel 


German educ 


our 
However tem with it 


Te hw il 


Hin 


many chules is mor 


nearly akin to the itional 
system than our own 
It is also interesting to 


contrast to the | s 


that in 
to be 


note 


there seem 


very little connection between the uni 


versities and the research laborators 


Scientists who take universit position 


spend most of their time teaching il 


though it appears that a fe crentist 


in the upper echelon have ippom|t 


ments in both research and teaching 


From conversations it wa 
evident that 


strata ofl the { | ecres 


han 


ments { rn the upper 


rhe 


| group is @N 


economee level 


tremely high compared to the mean 


> 


level in Russia ibsolute way 


with 


ind in an 


seems to compare tavorabl our 


own In conversation with one Russian 


scientist, a man of tor vho heads a 


research team in one of the laboratories 
ind 


counts All 


ieation dur 


it turned out that he owns two car 
ation in the 
month 
Anothe 


point is ti , ri for ten 


scientists get two 


ing the eur interesting 
hing 
position ig ! ) , Lares 
in the rr r Or wan 
pointing out the emp 

in the USSR on « 

1 doubt that 


entit the 


In conelu on 
in both the technical 
ind 


the 


phase ol atomic ¢ the | s 
the West genera ! ihead of 
USSR Haw 
made by tl { ns 18 cleat 


that if 


rapid progress 
ining 
in the training of 


teachers the Russians 


vill certain! 





U. S. Reactor Operating History: 
1943-1954 


In 12 years, the United States has operated over 25 reactors safely. 


Here is the record for AEC facilities, augmented by data for critical 


assemblies and a record of ‘‘scrams''—actions taken to prevent accidents 


Why Reactors Are So Safe 


The principal reasons for this successful history of operating a 


completely new type of device the nuclear reactor—have been 


4 Cautious design has tended toward maximum utilization of 
inherent safety mechanisms and inclusion of a multiplicity of 
automatic control device 


2. Operating procedures have been very carefully worked out, 
the operators thoroughly trained, and the plants supervised by 


knowledgeable personne! 


3. In most cases reactors have been thermal in spectrum with 
associated slow re ponse time and have been designed to take 
advantage of negative temperature coe ficients so as to be, in 


large, self-regulating 


4. In addition to the precautlol Ih design exercised by the 
organizations who have constructed these reactors, the designs 
have been reviewed by the AK Reactor Safeguards Committee 
and its successor, the Advisory Committee on Reactor Safe 
guards, chaired by Edward Teller and C. Rogers McCullough, 
respectively Those planning to construct and operate reactors 
have been required to examine in detail the possible accidents to 
which their plants might be subject and to describe steps taken to 
prevent or minimize such malfunctions. In addition, the rela 
tionship of the reactor plant, and its waste products, to its 
environment geology, hydrology, seismology, geography, and 
meteorology—-are reviewed to determine the adequacy of the 


site, both on the basis of normal or potential hazards 
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TWENTY-FIVE NUCLEAR REACTORS have 
heen safely operated for the Atomic 
Kknergy Commission in the United 
States during the past 12 years, with 
no accidents involving contamination 
of off-site property or radiation injury 
sufficiently serious to cause lost time of 
pe rsonnel A total of 606.686 hours of 
experience have been accumulated in 
operation ol these units \ total of 
17,799,000 man hours has been in 
olved These data include only Ak(¢ 
facilities and not the private! 


research reactor at North Carolina 


aw ned 


State College or the unit of the Depart 
ment of Defense at Consolidated Vultee 
Aircraft Corporation Fort Worth 
Texas 

On reactors other than production 
facilities, a total of 1,608 million kilo- 
watt hours of thermal power has been 
produced. Figure 1 shows  powe! 
growth versus time In the summaries 
of operating experience, described here, 
t has been necessary to withhold the 
powel level of production reactors in 
the interests of national securit 

Chis article enumerates the few rea 
tor incidents that have occurred Inei- 


dents with critical assemblies are also 
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By RICHARD H. GRAHAM 
) on of Reacto 
S. Alomic Ene 


Db ¢ 


Deve lopme nt 


ay Commission 


FIG. 1. Total AEC reactor power 
output, exclusive of {production 
facilities 


Records of unscheduled 


ire ine luded 


Definitions 
A produc 


tion reactor is defined as one 
designed and operated to 
veapons-grade nuclear fuel 


research 
three 


aifferentiated trom 


Sut all 


reactors 


reactol research produc- 


! ire quite similar in 


ration and are, as a class 
n the operating procedures 
ities 
facility is a device designed 
tremely low power (a few 


flux 


characteristics 


critical mass, neutron 
ind other 
irrangement of nuclear 
coolant 


Fluid 
critical 


i construction 
ctor components 
es explore the 


inous concentrations of 


differing geometries 
issembles investigate 


in heterogeneous cores 


Reactor Incidents 
records 


nt ti cannot be 


several reacto! 


classed as 
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Tota! to dote 
1.6 x 10° kwh 


accidents in the ense of liability or 


property damage external to the plant 
At Hanford, Wa 


process tube al 


hington, a plugged 


lowed some fuel elements 
hutdown of 
month for 

Again at Hanford, irradiated 


ertent DiOW 


to melt and required a 
approximately one repair 
slug 
were Inad n from the pile 
mistaken for 
Three 


“Approx 


by wate! pore it mad 


cold lug the operators 


men rece ed hand doses ot 


mately 100 roentgen The max 


mum 


whole-bod lose was about 3.5 rad 


well below emergency allowable 


tolerances .O time is lost from the 

job by the 
\t the i 

Aiken 


of heayy 


onnel involved 
innah River Plant, near 
Sout irolina, a large quantity 
vecidentl yethi 

soned, « financial loss but 
personnel 
At Lo mo Ne 
experienced involved in 


trol-rod calibr 


tion of uperci wait ind 


no plant injury 
Mexico, an 
con 
produced a condi 
received a 
dose of abo ) roentgens, again well 
within emerg limit 


These i UD | 


recorded to ad hte wtor 


incidents 
data 


reactor 
have 
vA d to y 


not as vet been anal ield plant 


operating factor from 


standpomft 


Critical-Assembly Incidents 


lloweve! iccidents have occurred in 
eritical facility vhich must be classed 


in an entirel 


separate categor Irom 
research 
The 
eritical facility 
has cost 768 hour nh lost 

There have 


imjur to 


production or power reactor 


single accident to date vith a 


that involved personnel 
man 


cident 


injury 
powel Perens They te 
nonemployee 


A cnt 


21.2 hour 


involy ing 
There 
cal-facility safet 


have been no fatality 
record of 
lost time per thousand hours’ operating 


tablished Phi 


196 


history has been ¢ 
with a total operating histo 
operating hours invol 
total of 1,440,000 man 


cumulated with a lost time rats 


ing 
ol os 
hours per thousand man-hours 

There have been ine which 
facilitu } e been involved 
riticalit 


dent 
eritical 
such as the inadvertent supere 
and 


eritical facilit 


rupture of mail hor 
it Hanford while 
ing hazards of plutonius 
There wa 


eriticalit if 


negeneou 

tuds 

olution 
olution 


, 
Ridge 


recentl mother 


went it Oa) 
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TABLE 1 Reactor Operating Data 


Total operating hour O06 O8G 


’ 
Potal man hour 17,799,000 


Accidents None 


Scram Record 


Total 
Number 
Number 


man hours 


1,000 hour 
1,000,000 





Tennessee, involving wueou olution 


of uranyl nitrate. These accident 


caused no lost time of personnel o 

damage to other than plant propert 
This accumulation 

facilities does not take into 


those specifically designed for 
Two fataliti« oceurred 


held 


studies 
in the weapons criticalit there 
have been a number of minor 

which no 


since in impure 


tained, The pioneeri 
Los Alamos in the 
field has paved the 
design and operation 
cality facilities 


Scram Records 


A measure of the ease operation 


of a reactor or a critical facility is the 
number of serams, or unscheduled shut 
downs, encountered during operation 
Scrams are initiated deliberate] 
the operator on the ve 
when he perceive 
judges hazardous 
In practically all 
produced automatic 
multiplicity of prote: 
in most cases by the 
the protective dey 
Many circuits are design 
example, the failure of 
Ina power measuring 
the reactor, Seram 
gered by such minor mal! 


ad 


thou 


Operofing hours 


> 
=< 





Number of Scroms per Yeor 


Operoting Hours per Year 


Total AEC reactor operating history, including production facilities 


FIG. 2. 


Most reactors are automatically pro dependent on the use of thermal reac 


tected by two low-range power-level tors The average neutron lifetime in 


channels during startup, by two higl thermal reactor ipproximately 10 
whereas it is approximately 10 
The neutron 


range and one log-power-level channel 


during operation, and by one or more 


time-rate-of-change-of power-leve iit y erns the minimum period 


channe!l plus such other measurement ) * reactor thus controlling the 


coolant flow, temperature and radio imum possible rate of power-level 
activity 


tures, and interlocks against personne 


various structure tempera increase 


not mean that 


Chis relationshiy 1Oes 


high-activity areas exper! ist reactors will not play an important 


| hey 


litimate 


entering 


ence is indicating that a multipli ity ol part in reactor development 


indeed prove to be the 
An ul 


howevel! 


protective devices is overconservative ma 
isedly cautious approach 

with the initial 
lization of thermal Iwo 


Clementine at Los Alamos 


Improved design is allowing great 


reduction in control devices and made 
Instrumentation reactors 
Figure 2 and Table 1 show 


stories and number of 


operating I t reactors 
| the kx 


Argonne 


scrams charge ir perimental Breeder Reactor 


ible to personnel error and equipment ol National Laborator have 
failure Most of the 1 rsonnel erro! been successfull operated 


crams are due to inattention when 


vel of one ~=©& Comparison 
Figure 3 Wh 


data for t | itl facilities? 


operating close to the trip Ie 


of the protective channels is the reactor record better than 


ind Table 2 show the same (one 


facilities Figure 4 demon illustrate difference between 


that the number of 


critical 


trates crams pel r . eritiens facilities b in 


thousand hours of reacto operation held of aircratt devel 


chargeable to equipment failure is lo Operating critical facility is 


ibout ome similar to fl ng an experinmie ntal 


is prob craft that has never 


fairly constant 
The constane 
to the gradual addition of for Phu 


hha; remain 
per 300 hours been flown be- 


ib clue operations must be done 
and cannot be 
This ex- 


Trequency 


new and better types of instruments th extreme caution 


Che personnel error rate of about one lone without some hazard 


per 1.000 hours ha improved wit! ilains the higher accident 


lence \iter ever test flight of each of the 


Increasing Operator expe! 


perimental aircraft, modifications are 


October, 1955 - NUCLEONICS 


Chis good safety history is some 





@ 


~N 


te) 


Operating hours 


b 


ui 


Tota! Operating Hors per Yeor (thousands) 
w 


nN 


Nine-year operating history of crtiical facilities, with weapons facilities excluded 


ind the pilot will there- Committee comprising those skilled in 


testing an incompletely the allied fields of reactor technology 
However, most rear This committee must thoroughly inves 
likened to proved air- tigate the interaction of any experiment 
aracteristics are better upon the reactor itself and pass on it 
safety 
ift accidents happen more fre- 4. Argonne National Laboratory 
it take-offs and scheduled the staff of which has developed a 
s than while operating in the air thorough te y program of all of 
wecidents are likewise more the reactor omatic and manual 
during startup. Thus " salety control « by actual genera 
ident rate can be expected tion of a reactor characteristi This 
eactors that are started up 
wn quite frequently, as in 
some research reactors 
ifety records can be antic- 
i most nuclear power plants 
operating criterion is the 


factor obtainable. 


Citations 


| 


ti tandards o » industry 
_— f the industr FIG. 4. Reactor 


scrams per thou 
te l lor sup riority in sand hours oper 
ation 


vl Sut three organi 


n National Labora 
Westinghouse Subma 
Reactor Prototype Project 
rator training programs 
Petroleum Company 
\aterials Testing Reac 
roblem is complicated 
oduction of new experi- 
nto the reactor tor 
Phillips has organ 


nal Reactor Safeguards 
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TABLE 2 Critical Facility Data, Ex- 
cluding Weapon Facilities 


Total operating hours 1106 
Total man hours 1440000 
Accidents 
Personnel injured in 
Lost man hours 
Accident rate 

Lost man hours/ 1,000 

operating hours 
Lost man hours/ 1,000 man 


hour 


Scram Record 


otal 
Number /1.000 hou 
Number / 1,000,000 


man hour 





characteristic is used to check opera 
tion of each of the ilet channels 
This is done during the startup follow 


ing weekly scheduled shutdown 


iformatior 
elaped i 
atora to ¢ 

Lamke 

KF. Hay 

tion Branch 1k 
wre wishes to ¢ 
k 1. Lamke and 
helpful comments ¢ 
many contractor pr 


compilation of the ¢ 


Equipment 
foilures 
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Chemistry 


| | Simple Spot Tests for 


Aluminum Contaminants 


a 


SPOT-TEST setup for electrographic and 
colorimetric tests 


By H. S. HILBORN and R. C. PUGH 
Pile V ate rials Dimsion, Technical D ion, Savannah Biner Laborato y 
E.1.du Pont de Nemours & Con pany fuquata, Georgia 


Preparation and Properties of Reagents 





SINCE CORROSION of aluminum com- 


ponents in a nuclear reactor may be 


Electrolytes 
Acetic acid: 10%- and 5%-1 ume solution in water 
Nitric acid: O.1N, 1N, and SA 


Potassium nitrate: 10 by-welg yution in water 


dangerous and expensive, it is essential 
that harmful inclusions be identified 
ind traced to their source. The tests 


Potassium sulfate » «4 weight solution in water 
reported here for impurities in alumi- 


Indicators* num combine electrographi sampling 


Cacotheline (saturated aqueou olution Reacts with acidic stannous solutions 1~-4) and colorimetri spot tests )) 


to produce violet color Other reducing ions, solutions, or compounds should Colorimetri pot tests, well estab- 
be absent to assure pecihe test Certain oxides and ions also interfere, e.g lished methods for qualit itive analysis, 
colored metallic ion ic, antimony, molybdenum, and uranium ire now a recognized field in micro- 


» 1 ¢ rhy ‘ " ‘ ‘ r ace ( ha 1 ~ 
Dimethylglyoxime (1 ght in ethyl aleohol): In neutral or acetic acid ehemintrs Feigl 5) lists over 200 
Olutions, produces red color with nickel Large amounts of oxidizing sub 
solutions, produ c MICK ser Sawer ; he pot tests for over 40 metals, including 
stances and iron and copper may interfer } | t Elect } 
rare-earth elements viectrographic 
Diphenylearbazide (1% | eight in ethyl alcohol): Gives violet to blue color with rs 


mercury in weakly acid solution Chlorides and iron, copper, and nickel inter ampling is a spot-testing innovation; 


fere in neutral or weakly acid solution In 8N nitric acid, test is specific but it has been applied recently (1-4) 


sensitivity is greatl reduced Also gives violet color with molybdenum to identifying both metallic and non- 
Should be made up fresh each da metallic constituents in alloys 
o-Tolidine solution (0.1 gm o-tolidine and 0.5 gm ammonium thiocyanate in 5 ml he reagents required for the tests 
acetone): Blue color with copper and red-brown with iron Mercury and described here are, in most instances, 
strongly oxidizing metal salts interfere Should be made up fresh each day those described by Feigl. The equip- 
p-Dimethylaminobenzylidenerhodanine saturated solution in ethyl alcohol ment, consisting of clips, wire, 6-volt 
Red-violet with mercury Large amounts of chloride interfere Copper may ial 


ary 


is compact and portable Tests are 


cathodes, and filter paper 
interfere with test in neutral or acetate-buffered solutions 
Potassium thiocyanate (10% by weight in water): When used with 8&%-by-volume 


: easy and nvenient, facilitating in- 
hydrochloric acid solution and 25%-by-weight solution of sodium thiosulfate Me e . ae 


in water, gives pink to deep red with molybdenum. If solutions are added spection in the field For information 


slowly with moderate time lapse between additions, blue color may develop on indicator sensitivities, interfering 
Mercury and other metals or compounds that consume thiocyanate interfer ions, etc., see references 
Certain acids form complexes with molybdates and interfere 
Potassium ferrocyanide (34° y weight in water): Blue with iron and red-brown 
with uranium; test for one is interfered with by other Copper and other BIBLIOGRAPHY 
metals that form colored compounds with ferrocyanide also interfere. Strong 


reducing agents turn iron compound white f : sley, Museum News 16, No 
S. Hunter, J. R. ¢ irchill, KR 
Potassium iodide (10% by weight in water): Gives yellow color with lead Mer Blectrographic met! 
cury, copper, tin, and any material that produces free jodine interfere Indi Metal Progr. 42, 1070 
American Bociet 
; symposium o tapid Methods for 
Rubeanic acid (dithio-oxamide) (0.5 gm in 100 ml of ethyl aleohol: of this solution tification of Metals (8.T.P. No. 98 
R. Jirkoveky, Chem Abstracts 26, 5640 
br. Feigi Spot Tests ith. ex ol. 1 (Eeleevi 
copper Nickel interferes Publishing Co., New York, 1954 
Quinalizarin solution (saturated ethyl aleohol solution): Gives blue color with M. H. Brown, W. W. Binger, R. H. Brown 
Mercury and Its Compoundse—a Cort 
magnesium Aluminum may interfere if alkali concentration is not sufficient Hazard, Corrosion 8, 155 (1952 


cator solution should be colork 


5 ml are diluted to 100 ml with water): Gives olive-green to black spot with 


J RK Churchill Mercury and 
* kor information on 1 iti f licat *, and interfering ions, compounds, etc., pounds—a Corrosion Hazard, ( 
see bibliography referer $30 (1052 
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Spot-Test Procedure 


Area of aluminum to be tested is 
i necessary using soap and 

‘ ileohol, or acetone 
Sample to be te sted is made anode of 
ru int cell yy connecting it to 
e terminal of 6-volt dry cell. 


juate connection is made by 
itor clip or by resting specimen 
te connected to dry cell 
ire cathode by connecting nega- 
terminal to stainless-steel or 
ninum electrode of proper size 
shape to fit area to be tested 
pad of 2-4 thicknesses of 
man No. 50 filter paper 
n pad vith electrolyte which 
penetrate all layers of pad 
in area at least as large 
to be tested 
moistened pad on test area 
ithode on top of it Hold 
without movement so that 
rts steady pressure against pad 
dspecimen. Current flow through 
ises metal ions to leave 
pecimen and be deposited in pad 
After 30-60 sec, remove cathode and 
pad; pad now contains “negative 
ren 
Develop negative by spotting ex- 
of pad with proper 
form characteristic col- 
cipitate or complex with 


ions removed from specimen 


Precautions and 
Suggestions 


So that the tests be satisfactory 
t is necessary that: (a) all electrical 
good: (b) moistened 
in good contact with 
‘ cathode be in contact 
pad over test area; (d) sufficient 
e be allowed for ton transfer to 
ke place; (¢ in case of pits, in 
tations, and pinholes, electrolyte 
| cavity before test is started 
some instances, good results are 
tained by mixing electrolyte and 
idicator before passing current 
ro igh cell 
reased current flow usually makes 
st more positive by causing more 
tal ions to collect in filter pad 
ium time depends on individual 
and is affected by size and dis 
bution of inclusions 
of pressure applied to 
ind pad has some effect 
ly heavy finger pressure is 
1 using filter pad of type 
pressure should be con- 
int with no movement of cathode 
Cross check on results, using another 
t or ndicator if available Ls 


lesirable 
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Specific Tests for Contaminants 








(lontan 


and ele 


| 
Iron Inc iUsIONns 


K.S0, 


Lead (10° acetic 
acid or OLN 
HNO 

Magnesium 


K SO, 


Mg (KeSO, 


test 2 


Mercury (K.SO, 
and HNO 


Molybdenum in 
Molykote 
molybdenum 
disulfide (O.1AN 
HN, or 

K SO, 


Nickel plating 
K.SO, or 10% 
acetic acid 

Tin (5° acethe 
acid 

( opper flash on 
stainless steel 


K.S0) 


Coppr r INCISIONS 


K SO, 


Uranium in U-Al 


l 


alloy KNO 


| ranium exposed 
in pit 
holes in Al 
sheath (10 
| 


aceth te 


md pin 


‘ 


Indicator and color 


jor positiwe lest 


Potassium ferro- 
cyanide (light to 
dark blue) or 
o-tolidine solution 
(Cu-—blue: Fe 


red brow n 


Potassium iodide 


yellow 


Quinalizarin solu 
tion (red-violet or 
red indicates Al; 
blue, Mg) 


Quinalizarin solu 
tion 


Diphenylearbazide 
(deep blue to pur- 
ple) or p-dimethyl- 
aminobenzy! 
idenerhodanine 
(red-violet ) 


Hydrochloric acid, 
potassium thiocya- 
nate, and sodium 
thiosulfate (pink 
to deep red or 
blue or diphenyl- 
carbazide (laven- 
der to deep purple) 
Dimethylglyoxime 
bright red 


Cacotheline (lav- 
ender to purple) 
Rubeanic acid (di- 
thiooxamide) 
(olive-green to 
black 

o-Tolidine solu- 
tion (light to dark 
blue) or rubeanic 
acid (olive-green 
to black) 
Potassium ferro- 


cyanide (brown 


Potassium ferro- 
cyanide (brown 


stain 


Successful in identifying tron inclusions in 
tubing, bar stock, and vessels With 
ferrocyanide, depends on amount of tron 
present and time of current flow; with o 
tolidine, Cu and Fe 


taneously if they occur discretely some 


can be detected simul 


distance from each other 

Useful in testing for removal of powder 
used as lubricant on extruded stock and in 
detecting inclusions in tubes 

After spotting filter pad with indicator 
pad is held over mouth of bottle of concen 
trated ammonium hydroxide until indi 
cator turns blue; then over glacial aceti 
acid until indicator turns pink-lavender 

Follows same general procedure except 
that afterspotting with indicator, sufficient 
sodium hydroxide is added to dissolve alu 
minum hydroxide and form aluminate ton 
solution has faint blue tint; insoluble mag 
nesim hydroxide remains in place and re 

tains darker-blue color indicating Mg 
Both tests useful on tubes and other ex 
truded stock on which Me was lubricant 
and on Mg-Al alloys 

Strongly recommended that this test, be 

cause of severe attack on specimen, be last 
applied. Try electrolytes inorder: KySO, 
IN HNO,, and 8N HNO Test is only 
moderately successful since it is difficult to 
dissolve Hg (4 without seriously at 
tacking specimen or cathode 

Successful with Molvkote used as lubri 
cant on hot-pressed Al pieces First in 
dicator consists of reagents added in order 
listed: color depe nds on time imtervals be 


tween addition of each reagent 


Satisfactory for determining if corrosion 
pit or indentation has penetrated throug! 
Al sheath to nickel plating on undersice 

Detects remnants of tin solders left on Al 
sheeting after corrosion testing 

Ideal for identifying very thin copper plat 
Rubeans vend 


must be used since Fe, Cr, and Ni inter 


ing on stainless steel 


fere with other indicators 
Identifies copper inclusions in Al tubing 


bar stock, and fabricated vessels 


Not satisfactory if alloy has been treated 
to produce protective layer of aluminum 
oxide on surface 


For determining if clad U is « xpo 








TWO LABORATORIES that contain remotely controlled assemblies 
are called Kivas after ceremonial chambers of Pueblos 





“TOPSY,"” IS OLDEST critical assembly, a 
small U*’ surrounded by a 
thick reflector of normal U metal. Safeties 
drop a section of core and reflector and 
shift another large block of reflector away 
from its normal operating position to make 
system safe to approach. Control rods of 
normal U move in channels through reflector 
Topsy has been operated with Pu core 


metal core 


CONTROL ROOM is in main laboratory building located about 
one-quarter mile from each Kiva. Note use of television 


Godiva, 


By H. C. PAXTON 
Lo jlamos Scientific Laborato / 
Unive 

Lo 


“JEZEBEL,” IS NEWEST critical assembly, 
bore Pu without a_ reflector. Under 
operating conditions sections are brought 
together to form smallest, simplest critical 
system there is. A Pu control rod rides in 
channel through sphere. After its charac 
teristics are determined as completely as is 
practicable, it is expected that this assem- 
bly will be dismantled 


a a mace 


GODIVA OUTDOORS and hoisted about 


25 ft to minimize room-scattered neutrons 


“GODIVA,” IS WORKHORSE of Los 
Alamos critical assemblies, bare U***. It is 
much like bare Pu system. 
in normal-U mockup 
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It is shown here 








Delayed Neutrons from Fast-Neutron 


Relative 
abundance, 


a,/a 


0 OLS 


0 O44 


Ol 
128 
182 
105 

246 


O34 


0 008 067 


Fission of U’’*, U'’' 


ab 


378 


in 


0 OOO8 


, Pu’) and Th’”’ 


Relative 
indance, 
aya 
0.016 54.0 
oO 


0 083 
15 


6.2 O 142 


+ O O87 a 


*) 
mB + O.O19 
+O. 018) 2.1 

+ O.007) O82 


+ 0.004 


0 405 


x) 0 160 


7 Is O O45 


0 Ob4 1) (HM) 





Topsy, Jezebel... 


Critical Assemblies 
at Los Alamos 


Systems of bare fissionable metal made critical by remote assembly 


provide valuable information basic to fast-reactor design. 


Results of studies of delayed neutrons from fission are also given here 


La A] 
mation 


Phe 


bursts of 


at 
V aluable 


CRITICAL ASSEMBLIES used 


imos have provided 


about SV s- 


fust-neutron 
tems ve also served as a source 
of 50-yuse ~10'* neutrons for 
tantaneous irradiations in studies of 


lelayed neutrons from fission. 


Critical Assemblies 
Th La Alamos 


up is located a few 


critical-assemblies 


y miles from the 
town of Los Alamos in Pajarito Canyon 


control and 


critical 


laboratories 


the 


room 
assemblies are 
hown in the 7 18 


rhe 


ehnines 


yhotographs on p 
remotely-controlled assembly 
ire of two types: simple but 
nuclear safety 


but still 


for 


Tri | Ines 


ind more specialized 


ile, machines for the operation of 


permanent critical assemblies 


all reason for our interest 
presented at the June, 


1 talk 
t Nuclear 


of he American 
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elementar' 
to 


istics of 


critical 


the characte 
fast-neutron 


check results of 


in 
assemblies is 
detailed calculations by 


If dis 


crepancies between predictions and ob 


modern high-speed computers 


he el there will 
calculated 


not readily 


servations can minated 


be increased confidence in 


characteristics that are ob- 


servable in the laboratory (/) 

The experimental quantities that are 
useful for checking calculations include 
ults of traverses 

letectors For 


experiment and 


critical masse ind re 
by threshold 


uranium 


utron 


rie 


assem)! 


theory agree exce in «a few extreme 


cases (¢.g., at concentration 


For plutonium tems, however, small 


but 


re’ 


significant crepancies call for a 


ision of the plutonium parameters 


which are used in calculation 


Reactivity Booster 


Godiva, the bare U*** semipermanent 


assembly ha been equipped with it 


reactivity booster that takes it rapidly 


from slightly above delaved critical to 
slightly above prompt critical 

A U? the a 
and stopped near it 


When « 


critical 


sembly 
lo 


ibove 


slug is shot into 
most eflective 
stem | i bit 


the fi 
the 


cation, 


prompt on rate rises 


extremely rapidl uranium heat 


expands, thus dropping the reactivity 


enough to terminate the fission burst 
Thus 
stopped b 


a ty 


burst is 
With 
initial rise 


vith «a 


a potentially run-awa 


thermal expan on 
burst 


pieal Godiva the 


in fission rate is exponential 


ind continue 


period of about 15 psec 
toa may el of near! 


watt 


imum power le 
then falls off in 
The 


psec wide at half-height 


i manner similar 


to the buildup burst is about 50 
ind the energ' 
that of fis 


watt hres picihi 


developed i> 


100 


sons OF 


about burste 
are shown in Fig, | 
i curious eflect 


The 
49 


(,odiva bursts show 


due to room-scattered neutrons 





20 
10x10'" fissions ec 10x10 fissions/ec a 


] 
105 o5| 
J 


— am 140 “ 
re 150 millisec > 0.75 millisec sail 


Burst 23-C Period = | millisec Burst 65 Period =|5.7 yw sec 
- 


(Marker frequency = 5O kc) 


FIG. |. Typical bursts from Godiva used with reactivity booster 


Remotely operated Detector- signal cable rt 30-300 sec 
control mechanisms (to time-delay analyzer in / (use C scales) 
(for bare yess control room) 


hanne! ) 


Detector 
ee any . ~ (MOdified BF, 
sys 


c 


o 
ve 


} long counter) 


Phototube 
sample 
positioner 


ounts/sec 


Cc 


3-30 sec 
: | (use B scales) 
10°10 10% 
Radiation- | 
level trigger + 4 
unit | 


stopping and 


Sample in positioning 
mechanism 


ounting Rote | 


r 
c 


O-3 sec 


counting position 
(use A scales) 


L — 
r 4 4 4 i 4 4 4 4 r 4 4 1 z 

Bore u*** | 1.200 gallon tank] | A-*02 04 06 08 10 12 14 6 18 20 22 24 26 286A 

H,0 saturated B-—-3 5 7 9 It 3 18 17 9 2 23 25 27 29 3} B 

with H,60, | +30 70 110 150 90 230 270 310 C 

_ Li ! ail Decay Time (sec) 


t 
} 
i 
} 
| 
| 
t 
| 
| 
L 


assembly 


FIG. 2. Fissionable specimens are transferred from point of FIG. 3. Delayed neutron decay following prompt-burst irradi- 
irradiation within Godiva to heavily shielded counter in 0.05 sec. ation of 99.9% U These are the cumulative data from 20 
Multichannel time-delay analyzer (2) gives delayed-neutron irradiations of 3-gm sample. Least-squares fit to data (curve) 
activity versus time as shown in Fig. 3 gives U**® delayed-neutron groups listed in table on p. 49 





shape of the trailing edge of a burst 2 mee pai tesults of Godiva reactor-period 
should be sensitive to short-period pitt measurement show a spectacular de- 
delayed neutrons, and, in fact, bursts Php dd crease in period near prompt critical 
obtained with Godiva indoors do ap is the influence of delayed neutrons 
pear to be influenced by neutrons de =a drops out See Fig. 4.) This is 
layed the order of d millisecond As : evidence against the existence of a 
this effect disappears with Godiva sus +4 delayed neutron period in the few- 
pended outdoors, it can be attributed | millisecond range 

to neutrons scattered back from the . es. ae sriefly, the data for U?*® and Th? 
laboratory wall re similar to the periods and relative 
ibundances reported for U**® by 


Delayed-Neutron Studies Hughes and his co-workers 4), and 
An example of the use of Godiva : ~~ kanal for U*** the shorter periods are more 
bursts ia a study of the periods and + predominant. Data of this type are 


relative abundances of delayed neu- j | basic to the problem of reactor control. 





trons from various fissionable materials | a ._ * * 
conducted by G. R. Keepin and T. |] ae 
Wimett. See Figs. 2 and 3 oe: eeee i y to which I have referred —people whose names 


Some of the people reaponsible for the work 
Delayed Prompt I hope you will see on an increasing number 


Figure 3, supplemented by data 


| 

| 

} 
critical critical — 
} 


| declassified publications are: Leon Engle 
| Litt | Lij Glen Graves. Jim Grundl,. Gordon Hansen 
0 20 40 60 80 100 George Jarvia, Grant Koontz, Gus Linenhe ger 

resolved into a set of delayed neutron vere 
Reactivity (cents) John Orndoff, Rolf Peterson, and Roger White 


from a long steady irradiation, may be 











periods and relative abundances 

Periods and abundances of delayed FIG. 4. Godiva period as a function of BIBLIOGRAPHY 
ol reactivity in cents R. Avery, H. Hus el, D. Okrent A survey 
i experimental aspects of fast 


neutrons from fast-neutron fission 
. . . o ahle . _ as f theoretical an 
the principle fissionable elements a saatas udauhin Gennes Geaiamaes Suara 
determined by Keepin and Wimett ’, G. Koontz, ¢ Johnstone, G. R. Keepin 
, } } ‘ ‘ 9 On 4 Inetr. 26, 546 (1055 
are given in the table on p 19 half-lives of 3, 12, and 125 minutes undatadtes 5. 3. Wierd. i. B. Bans 
These do not include ultra-low-yield and yields per fission of 5.8 &K 107° *hys. Rev. 91, 594 (1953 
‘ ighes, J. Dabbs, A. Cahn, D. Hall 
and 2.9 K 107'° (3 *hys. Rev. 78, 111 (1948 
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groups that have been reported with 5.6 « 10 





How Radiation Changes 
Polymer Mechanical Properties 


An understanding of the mechanisms by which radiation-induced crosslinking 


and cleavage change the mechanical properties of plastics and elastomers helps in 


choosing materials for use in radiation fields and points the way toward using 


radiation to improve polymer properties. 


molecular structure changes the properties 


By C. D. BOPP and O. SISMAN 
Ridae 


tidge, Tennessee 


National Laborator y . 


the 


and 


HIGH-ENERGY RADIATION alters 


molecular structure of plastics 
istomers by crosslinking and cleavage 
chemical changes. Consideration of 
mechanisms of deformation ex- 


iins how these chemical changes 


iffect the mechanical properties. 


Radiation Effects 
\ll elastomers tested were hardened 
crosslinking—with the exception of 

ind Thiokol 


cleavage. Sensitive prop- 


butyl rubber which were 
ftened by 


IO! crosslinked 
e strength and breaking elonga- 


elastomers are 


is well as hardness. For cleaved 


omers, the compression set is a 


sensitive property. Stress relax- 


ation of elastomers that are strained 


during irradiation is very sensitive for 
both groups 
salso direction of property 


d by 


For plastic 


changes is govern whether cross 


linking or cleavage is predominant 
Crosslinking increases Young’s modu 


Rockwell 


elongation 


tensile strength, and 


hut 


lus, 
hardness decreases 
Cleavage produces softening and a de- 


crease in strength (/ 


Deformation Mechanisms 


molecules are in the 


High pol mie 
form of linear chains, which are some 
* Operated for the U. 8. Atomic Energy 
Commission | n Carbide and Carbon 


Corp 





! 
# Breaking point 
| 











20 
Strain (in fin) 











FIG. 1. Stress-strain curves for 
FM-10,001. 1 nvt is equivalent to 1.0 


Vol. 13, No. 10 - October, 1955 


reactor-irradiated NYLON- 
x 10°" rad 


FIG. 2. 
RUBBER. 


126210" mw 


1 nvt is equivalent to 0.6 * 10 


Here is how the radiation-altered 


times crosslinked to a three-dimen 
elastomers differ from 
in having weaker van der Waals 


the 


sional network 
plastics 
lorces are 

the solid 
“tress In 


forees. In plastic 
strong enough to maintain 
the 
the forces are 


tate | 


state in absence of 


elastomers weak as in a 


liquid-—the solid maintained 


vale nce CTOSS 


vork 


consider two 


only by a few 
links that form a loose net 
It is 


mechanisms of deformation 


primiuat 


convenient to 
ordinary 
isticity , 
to eN 


elasticity’? and “high el 


For polymers, it is customar 


press ordinary elasticit in terms of a 


spectrum of retardation times, r (4, 6 
It is 


tal data with only one 


rarely possible to fit experimen 


ilue of 7 


129x110", 


008 are : ‘0668 


Strain (in/ in) 


‘rad 
5 


sO 11 18 


| 
| 


Stress-strain curves for reactor-irradiated NATURAL 


1 











_ 


Unir radiated 


© Breaking pont 
Ururrodioted 


0012 x 1 nvt 


O0005*« 10!" vt 
extension to 20 strain 
tanta 





a ' i) 
0024x10 “nvt 


®@* Breaking point 


~* 0012 x10" nvt 
68110" mm extension to O75 stran 


SS ee 


4. rn — AD? né 
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Strain tin /in) 











Strain (infe 








FIG. 3. Stress-strain curves for reactor-irradiated VINYL FIG. 4. Stress-strain curves for reactor-irradiated LUCITE 
CHLORIDE ACETATE. 1 nvt is equivalent to 2.5 * 10°’ rad (methyl methacrylate). 1 nvt is equivalent to 0.7 * 10°* rad 


customary to use a sm a tio n Fig. 1, the value of the yield stress is 1h7 

of values, The distribution o often apparent from a change in slope 

tion times is often s« ) of the tensile curve Vleasured values of dynamic Young's 
of dissipation of frictional energ \ qualitative explanation of how modulus for certain elastomers may not 


and thus may be dep j j radiation affects the mechanical prop el closely ipproac! the equilibri im 


specimen’s dimension erties of high polymers is given by 
hand, the free volume in considering only two process CrOss Cleavage has the effect of reducing 
portant, and for this rea linking and cleavage rhe effect o the yield stress for viscous flow The 
tion of retardation time I] crosslinking is to tend to impede viscous equilibrium value of Young’s modulus 
sensitive to temperature flow, and to increase the retardation for high elasticitv is decreased by 
At very low rates of straining time The equilibrium value of cleavage since the number of crosslinks 
cous flow’’ is appreci ins rynsa Young’s modulus for high elasticity i reduced. The retardation times for 
plastics; even at highe: given by the kinetic theory as directly — plastics not initially crosslinked are 


ing, viscous flow ma CON rer proportional to the concentration of often not changed much by cleavage 


able if the yield stress is ey crosslinks (9) \laterials usually exhibit more than 





Comparison of Test Methods 


In the tensile test on plasti 10), a complete stress-strain their Young's moduli were little changed.t For those more 
curve va recorded Three characteristi parameters of the rigid plastu gan which the predominant radiation effect 12 
curve are; (a) initial slope or Young's modulu bh) maximum cleavage, Young's modulus ofte nis not very sensitive to the 
stress or ultimate strength, and (c) maximum strain or break molecular weight and thus 18 not much changed by cleavage 
ing elongation i] hown in Fig 1. for Nylon the ultimate 1 more sensitive measure of cle avage jor Hlookean plasti § 48 
strength 18 also the yield strength, and therefore is nearly inde- the strength decrease, which 1s measured nearly equally well 
pendent of the rate of loading Kven if the yield strength is by any of the following: the ultimate tensile strength, the shear 
not well-defined but the slope of the latter portion of the curve strength (12), the impact strength, or the breaking elongation 
ia small (as in Fig. 4 before irradiation), the ultimate tensile | 
atre ngth 1s nol very sensitive to loading rate For this dis For the nonrigid pla fics in which cross inking is predom 
cussion, the ultimate strength is taken a approximately inde nant, Young's modulus is greatly increased The impact 
pendent of loading rat strength and the breaking elongation are even more sensitive 

The lzod impact leat ] | ned ir? thie ‘aLL of the energy lo crosslinking than ) OUNG & modulus “rice the Nf prope rlies 
that would he required for breaking without deformation, and are sensitwe lo the amount of viscou flow for nonrigid plastu ; 
the energy re quired for deformation.* For plastu s that are 1 very sensiliwe measure of the Yo ing modulus is quien 
nol much deformed hy the ampa he umpacel strength by fhe mbration teat 4 There usually i small variation 
ranking of diffe rent pol mer is Che ame as the ultimate- hetween diffe rent pecimen of the same polymer and the limit 
tensile-stre ngth ranking; fo that are deforme d, the of sensitivity is set only by the uniformity of the dimensions of 
impact stre ngth rank ing 18 fil / ially, the amount the test peciemens In addition to the Yo ing 8 modulus, the 
of deformation in the impar nay be correlated with the internal friction is measured by the vibration test The 
amount of viscous flow 0 sil internal friction 18 relatiwely insensitwe to « rosslinking during 

The maximum radiation expos shudied wer suflicvent the early stages of crosslinking hut it sometimes increases as 
lo crosslink any of the mor poly } ich and the crosslinking proce approache econ” ple fron 

* If there were no defor: t cer cs would 
he possible to fit the fragment 0 f r pretest A more sensitive ! ure of crosslinking is given by the 


dimensions change in solubilit yr nic solvents 
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FIG. 5. Stress-strain 
RUBBER GR-I-50. 


curves 


leformation mechanism (9%), and 


relative prominence will depend 


\W anls 


on the chemical structure), on 


e strength of the van der 


imount of crosslinking (a large 
int of crosslinking tends to impede 
wus flo 


temperature 


w and high elasticity), and on 


This 


to room temperature 


discussion is 
ted 25° CU) 

take nylon, as shown 
the 
portion of the tensile curve is 


obeys Hook’s law 


by ordinary 


f imple 


| sefore irradiation 


neal and 
formation is mostly 
it ilthough 


there may be a 


component by viscous flow The 
flat portion of the curve repre- 
leformation largely by 


Phe 


ecomes 


viscous 
ield stress at which viscous 
is roughly 
The 


are those described as 


predominant 
to the ultimate strength 
ition effects 


teristic of crosslinking. Cross- 


iw of elastomers is typified bv the 
of natural rubber, as 
2 Before irradiation 


high 


The tensile curve of natural 


rmation is mostly by 


radiation 
After 


rubber 


even more 


than that of nylon 


both 


Hation 


natural 
m acquire a rigidity compara- 
1 that of glasses——so care must 
in handling to avoid break 
ns 
behavior is shown in Fig 
| chloride acetate polymet 
yield stress for viscous flow is 
Figure 


show 


ordinary 


t for polymethy! 
wrylate s no abrupt transi- 


between elasticity and 

flow: however probably as in 
the flatter portion of the tensile 
Asin 


decreased 
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largely by viscous flow 


the vield stress 1s 


1 nvt is equivalent to 0.6 « 10 


reactor-irradiated BUTYL 
‘rad 


for 


Figure 5 shows that butyl! rubber is 


softened; eventually it is changed to a 
tarry fluid 


\ oung 


by irradiation for some polymers but 


modulus may be decreased 


increased for others. This is explained 
by the differences in the relative promi 
crosslinking and cleavage 
Kor 


pre 


nence of the 
processes for different polymers 


nylon and natural rubber, the 


dominant radiation effect is crosslink 


ing; for vinyl chloride acetate polymer 
methacrylate butyl 


polymethy! and 


rubber, it is cleavage 


Crosslinking Process 


The rate of the 


volume change that 


accompanies the cooling of a high 
» slow at the second 


that it 


poly mer bec oOmes 


order transition te mnperature 


introduces a discontinuity in the specific 


volume temperature relation as it is 


ordinarily measured, Perhaps if a 
period 
the 


volume 


iong waiting were 


sufficientl) 


bet changing tem 
the 


perature relation would 


allowed Veen 


perature and ime 


the 


suring 
volume-ten 
be continuous to absolute zero 
Analogous Vv, the 


ontrolled since hydro 


rate of crosslinking 
may be diffusion « 
gen diffuses out of the polymer during 


crosslinking, and the molecular seg 


ments diffuse oser together as 1s 


evidenced drogen evolution and 


decreased per ti olume .. 14) 
it is postulated that crosslinking 
when activated molecular 


results Rey 


ments diffuse together, then crosslink 


ing is proportional both to the concen 
tration of activated molecular segments 
and to the 


there exists an upper! 


rate of diffusion Suppose 


limit on the num 
that it is 


When the inten 


ber of molecular segments 


possible to act its 
sity of the 


radiation field is increased 


Definitions 


“High elasticity’’ is confined to ideal- 


ized elastomers in which the = only 


mechanism for deformation is the un 


coiling of molecular segments, and in 


the results en 


the 


which restoring force 


tirely from thermal motion of 
molecular segments 
“Ordinary elasticity" is that involved 
with actual elastomers or plasti 8 
‘Viscous flow’’ describes the liquid 
like state that solids may assume unde 
stress 
A a constant of the order of 1 (9 
( the rate constant 


Dy equilibrium value of Young's 


nodulus for “high elasticity 


AE incrense nm 


modulus 


dynamic Young's 
limiting increase for long expo 
sure 
Boltzman’s constant 

a parameter | 

exposure 

absolute temperature 

i crosslink 


to produce 
volts 


energy 
electron 
volume per cros link 
olume 


decrease in spect 


limiting volume decrease that 
is approached at long exposure 
deformation at time ¢ after 
application ol stre 
equilibrium value of deforma 
tion resulting from ¥ 

densit 

defined by 


retardation time 


/ / | 
1()** 


that thi limit 


the rate of cro 


su tlic iently upper 


approached linking 
will become independent of intensit, 
Thus 
mation (J) can no longer 
that thi 


approad hed at a lower 


the energy absorption approxi 


hold It 


appears condition will be 


intenelit for the 


more rigid materials because the limit 


ing value of the stead “tate concentra 


tion of activated molecular segments 
will likely be 


intensity.* Thi 


as a caution that 


approached if i lower 


uggestion is intended 
ilthough the energy 


absorption ition ha been 


tested 


Approxim 
experimental lor nonrigid 
umed for 


materials, it should not 


7 
per 


materia without ¢ 


In the 


rigid 


very 
mental confirmation ntensity 


* Since the rate the 


crosslinking proce 
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FIG. 6. Polymer 


groups ranked 


, i 
in order of oy, 


ete . 
stability against The repeating unit in The repeating unit of Present in many elas The repeating unit of 


the structural formula of 


aniline formaldehyde 


cleavage 


most stable of the un- 


polystyrene, which is the polymer. As for poly- 
styrene, stability is at- 


filled polymers tested tributed to the 


Present in Nylon, which The repeating unit 


shows the same order of silicone rubber, 

stability as polyethylene 
stability as most 
elastomers 





9] 


5 a 


Present in Dacron. The Present in polyvinyl 
predominant radiation chloride. Unplasticized 


change is embriitiement 


tened by cleavage, 
though highly plasticized 
forms are hardened 


range 10*-10' rad/hr, there was ob 
served only small intensity dependence 
for many nonrigid materials. There 
also was observed no large difference 
in effects for polystyrene at 107 rad/hr 
and at a tenfold higher intensit 
However, there was on! mall change 
for either irradiation 

The sensitivity of Young’s modulus 
to crosslinking for ordinary elasticit 
has been explained in terms of increased 
retardation times. To explain th 
nearly constant rate of crosslinking 
(though the retardation times are in 
creased), it is necessary to postulate 
that crosslinking does not microscopi 
cally restrict the diffusion of neighbor 


54 


shows the same order of 


polyviny! chloride is sof 


benzene-ring-containing 


side groups 


The repeating unit of 
phenol formaldehyde 
polymer. Presence of 
benzene ring in main 
chain is thought to in 
crease cleavage, since 
unfilled phenolic crum- 
bles for exposures that 
do not decrease strength 
of polyethylene (this 
contrasts with effect of 
benzene ring in polysty- 
rene, in which it is in a 
side group). 


CH,OH 


The repeating unit of 
cellulose. Rapid em 
brittlement of cellulosic 
plastics shows that this 
structure is sensitive to 
chain cleavage. 


close to crosslinking sites 
the retardation times 
then be largely caused by the formation 
network structure. Thus 


possible for the macroscopic retardation 


tomers; since the sta- polyethylene. 
bility of elastomers ap- 
pears to be insensitive 
to the amount of un 
saturation, this group is 
ranked with next group 


Also taken to be less Present in Thiokol, for 


stable than polyethy/ 
ene. Polyallyl diglycol 
carbonate, polyvinyl 


formal, and polyvinyl ness change, but 
creases the ultimate 


butyral are softened. 
Selectron-5038 is hard- strength. 
ened; however, this plas 

tic is initially very soft 

and shows a high rate of 

crosslinking. 


which a balancing of 
cleavage against cross- 
linking causes small hard- 


de- 


The repeating unit of The repeating unit in 


Tefion and fluorothene, 
which become brittle 
and crumble apart at 
relatively short expo- 
sure Resistance to 
cleavage is poor. 


The may be only roughly inferred by 


must Young’s modulus to estimate 


polymers with quater- 
nary carbon atoms: poly- 
methyl methacrylate, 
butyl rubber, and poly- 
alphamethy! styrene. 


ing molecular segments except perhaps since the microscopic rate of diffusion 


UsSINg 


the 


strength of the van der Waals forces. 


Is The rate of crosslinking for certain 


of the nonrigid plastics and elastomers 


be affected by crosslinking is nearly constant in the early stages of 


without affecting the microscopic diffu 
rate of a large portion 
molecular segments 


From these considerations it appears 


rigidity, as measured 
Young’s modulus, and the rate of cross 


to noncrosslinked 


ven in the absence of crosslinking, the 


correlation is only an approximation 


polymers 


he The decrease in specific volume 


be fitted to the equation 


Al AV (1 AV.(cR 


necessary to restrict the correlation be- . 
ifcR<«K | 


the 


The dynamic Young’s modulus 


lations (13 


crosslinking, but later drops oft rapidly 


may 


Was 


measured for several elastomer formu- 
The increase in the dy- 


namic Young’s modulus at room tem- 
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ture and in the frequency range 


100 evycles/sec 


rical relation 


AF, 


given 


by the 


AE. (cR)", 
if cR< 


l 3) 


Roughly the same value of ¢ is given 


\ 


veoprene-GN either by the changes 


the specific volume or the Young’s 


lulus For 


Hyear-OR, a 


higher 


f ¢ is found for hq. 3 than for 


Only 


for these two elastomers 


sufficient data available to esti- 


by both equations 


Neoprene 


higher effective exposure owing 


( hlorine 


content; 


Hycar-OR 


es a saturation value of Young’s 


lulus quickly owing to a high value 


The agreement 


in the case of 


rene is taken as characteristic of 
stomers with n less than 4; the lack 
reement of Hycar-OR is associated 


high 


ording to the 


elasticity 


value of n 


kinetic theory of 


the Young’s modulus 


also very resistant to cleavage. For 


example, polystyrene is among the 
most resistant of the polymers tested 
Other materials of the same rigidity 
show much less resistance to cleavage 
Itappears that rigidity will not appreci 
moderately 


ably retard clea age ol 


rigid materials On the other hand 


high resistance to cleavage is shown by 
extremely rigid, glassy polymers 
triallyl ey 


Figure 6 lists 


inurate polymer and Araldite 
the chemical groupings 
of the polymers previously discussed 
(1) in order of stability against cleavage 

excluding the very glassy polymers 
The rankings in Fig. 6 are not precise 
with regard to some of the groupings 
that fall close together 


stability 


but a very large 
difference in exist be- 


may 


tween spaced far apart The 


manner in which the ranking was ob 
tained is given in Fig. 6 
There is very little experimental data 


on the mechanism of cleavage in solid 


ary approximately in propor- 
to the concentration of crosslinks 
igh the situation is complicated 
factor” (146 
experimental results indicate pro- 


the entanglement 


onality to the nth power ol the 


ntration of crosslinks, where 
Perhaps additional weight over 
yredicted by the kinetie theory is 
to crosslinking, owing to in- 
ised retardation times. Disregard- 
the entanglement factor, the energy 
quired to produce a crosslink may be 
ited from (/4 


1022p ART /(c"AEw)”" (4) 


the plasticized natural rubber 
ations (] iq 
n volts per crosslink, which is of 


$ gives about 20 


me order as given by swelling 


irements for crepe rubber (16). 


Cleavage Process 
That 


ition-induced 


crosslinking is the predominant 
process for many 
hydrocarbons is evidenced by 
Because of the 


COSITY ¢ hange 


rit between elastomers and 
it is not surprising that many 
omers also are hardened by irradi- 
As discussed, the rate of cross- 
ng is less for rigid materials. But, 
Fig. 6, it is apparent that cleavage 
veighs crosslinking for some 
als 
rigid materials 


tain moderately 


ive a low rate of crosslinking are 
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high polymers 


the rate of clea 


lor glassy polymers 


ize is low and the radi 


ation stability approaches that of the 
For the 
the rate of cleavage 


nonpolymeric materials (17) 
less rigid materials 
is much greater. There is insufficient 
data for a very complete picture, but a 
simple concept is that atomic hydrogen 
fluorine, and such, can react in some 
instances to break the main polymer 
chain 

The evolution of hydrogen gas indi- 
cates that atomic hydrogen is at some 
time present in irradiated solid high 
polymers. Similarly the hydrogen 
halides are evolved by halogen-contain- 
ing materials If these atoms that are 
not part of the main chain are released, 
cleavage may Occur as a possible COnse- 
quence if they react with atoms in the 
polymer chain sSecause of the high 
ranking in Fig. 6 for polyethylene, it 
hydrogen is not 


appears that atom 


very effective in cleaving the carbon- 
carbon bond in the solid state; however, 
atomic chlorine may be more effective 
since the chlorine-containing materials 


_ he low 
ethers, the thioethers, and the quater- 


rank lowe! ranking of the 


nary carbon atom may indicate a high 


efficiency of atomic hydrogen in these 


CASES A rearrangement mechanism 
has been proposed that otherwise ac- 
counts for the low stability of the latte: 
grouping (J& 

Stress sensitivity of cleavage may 
explain differences observed in the radi- 
ation stability of different specimens of 
This poly- 


triallyl eyanurate polymer 


mer is very glassy, and contains internal 
stresses resulting from shrinkage during 


polymerization 


Summary 


Ordinary elasticity, high elasticity 
and viscous flow are the mechanisms 
solic 


of deformation of 
the effect 


polymers 
(Jualitatively of radiation on 
the mechanical properties of polymers 
can be deseribed by considering the 
effect of crosslinking and cleavage on 
these met hanisms ( rosslinking tends 
to impede viscous flow Phe equilib 


rium value of Young's modulus for 


high elasticity is direct] proportional 
to the concentration of crosslinks, but 
for ordinary elasticity the sensitivity 
of the Young’s modulus is less for the 
materials Cleavage re 


more rigid 


duces the vield stress for viscous flow, 
and decreases the equilibrium value 
of Young’s modulus for high elasticity 


The 


elasticity is again 


Young's modulus for ordinary 
insensitive for the 
more rigid materials 

The changes in the mechanical prop 
erties of irradiated plastics and elas 
tomers depend upon the rates of cross 


The ‘ 


governed both by the polymer’s chemi 


linking and cleavage rates are 


cal structure and by the strength of the 
Waals 


linked polymers, the change in Young's 


van det force For uncross 


modulus is a measure of the crosslink 
ing rate in the case of the less rigid 


materials. Sensitivity to chain cleay 
age has been correlated with chemical 


structure for the materials studied 
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( / a od Pi . FIG, 2. idealized model of a dip counter 

shows decrease in calculated product of 
geometrical and self-shielding efficiency 
factors with increase in sample volume. 
Dip counter was assumed as a spherical 
FIG. 1. Counting rates for solutions with 1 dpm/gm activity show higher counting crystal surrounded by a spherical shell of 
rates and therefore lower usable specific activities for dip counter sample solution 
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For Low Specific Activity: 


Use Scintillation Counting 


Comparison shows that 10 dom/gm of 6-emitter is counted with 10% accuracy in 30 
min, using liquid scintillator. Same accuracy results from 0.2 dpm/gm of y-emitter, 


using scintillator dip counting. Latter corresponds to 1 mc mixed in 11,000 tons 


ROUTINE METHOD for determining By C. D. WAGNER and V. P. GUINN energy scattered photons (e > 1), and 
very low radioisotope concentrations Shell Development Company absorption by material between sample 
are compared in this article, for the #meryville, California ind counter (e < | 

case of unlimited sample size. Basis of To compare concentration sensitivity 
comparison is the concentration sensi where C is specific activity in dpm/unit of various methods, the minimum value 


hk of C determinable within a reasonable 


tivity the minimum detectable spe bn ty 
s ni 


be weight, W is sample weight 
cific aectivity—-of the method rhis ' time with a certain standard deviation 

: ; tional solid angle subtended by the ce 7 
sensitivity compari a — OntNE sector's active volume E, is the frac can be use¢ a ov min each ” 
specifi activity needed tor the same tion of electrons ot photons emitted time tor recording mackground an 
standard deviation for a given counting sample plus background + 10% as the 


, within this angle that are not absorbed 
Vine. (See “Why | e ope ihe-Actiy or scattered by the sample, and E, is standard deviation and assuming that 
ity Comparison?” p. 57 for explana detection efficiency for particles and tatisties of random counts is the only 
Pe eee wee i eee primary photons that enter the dete: factor limiting accuracy, the required 


y-emitters are considered separately 
With detectors that record individual! 
disintegrations in the sample, the num 


ray sf le co liv rt , SN. 2 
tor he correction factor, e, includes mpi unting rat , 
hy *K-aC'f . y | > ) ran Cc ) ol , aT 
back-seattering (¢ l produ tion N Sil + 1+ 2.4B 
' secondary photons that may be counted 

’ ‘tecte er minute, S, is gi D\ 
er detected | a > oven (e > 1), enhanced detection efficiency where B is the background « pm 


S CW(E ELE I by crystal counters of these lowe: Combining this with kq 1 gives 
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TABLE 1 


Comparison of Methods for Determining H’ and C'* 


Minimum detectable specific activity |dpm/gm| (and sample weight |gm 


Counting method C4 as hydrocarbon Cas BaCO 


Windowless flow * 16,200 (0.011 


Liquid scintillation f 7 


1,480 (0.15 
6 (10 
Internal gast 

lonization chamber 


* Windowless counter (solid sample). The gas-flow type, win- 
dowless counter is assumed to have 20-cpm background, and to use 
1 planchet and solid sample 5 cm? in area. Geometric efficiency, 
E., is assumed to be 0.50, and E, is assumed 1.00. Z; from the 
infinite-thickness layer is considered since the maximum number of 
counts per minute is detected from a sample of at least this thick- 
ness It is taken as 0.12. The correction factor, e, is assumed 
unity with hydrocarbon samples, but 1.25 for barium carbonate 
because of backscattering from the sample. 

+ Liquid scintillation counter (solid or liquid sample). For pur- 
poses of comparison we have used data obtained in our experience 
with a coincidence-type apparatus employing two channels and a 


C' as CO, H® as hydrocarbon Has HO H* as Col. 
63,500 (0.0035) 

64 (10 2,580 (0.74 
1,700 (0.018 


7,300 (0.13 


1,600 (0.019) 
660 (0.28) 


Ballentine counter (4) is assumed as representative of internal gas 
counters. C' is measured as C'*O>s, obtained by hydrocarbon 
combustion, It is counted with ~90% over-all efficiency at 250- 
mm pressure (with admixed methane) in a 100-ml tube with a 
background of 100 epm For H*, the water of combustion is con- 
verted to ethane by using zine diethyl or ethyl magnesium bromide, 
and the ethane-H* then counted at ~90% efficiency in the same 
tube at 500-mm pressure 

© Ionization chamber (gaseous samples). The gaseous 
compounds, carbon dioxide and ethane, are used as fillings for the 
ionization chamber at atmospheric pressure 4 500-ml ion cham- 
ber is used, with 90 volts polarizing potential, and with the ion 


same 


50-ml liquid scintillator volume. 


in these laboratories, and patterned after that of Hayes (3 
nodifications to adapt the instrument to routine analysis. 
amplifiers and coincidence circuit were built for us by Tracerlab, 
In C** jis determined with ~50% over-all efficiency (Z,H:Eae 7h 
H? is determined with 
efficiency using a 10-gm hydrocarbon sample, or with 2% efficiency 
a l-gm water sample obtained by hydrocarbon combustion 
In the latter instance, 60 ml of 34 toluene-'4 ethanol, by volume, 
containing 4 gm diphenyloxazole and 15 mg diphenylhexatriene per 
water samples. 


using a 10-gm hydrocarbon sample. 


using 


used to dissolve 1l-ml 


liter 18 
assumed to be 200 cpm. 
z Internal 


gas counters (gaseous 


This apparatus was constructed 


samples). 


reed electrometer. 
that a current of 5 
+ 10% 


with 
The 


~6 % atmospheric 


Background is 


current detected by the rate-of-charge method, using a vibrating- 
Experience in 


these laboratories has shown 


107'* amp may be measured in 30 min to 


when superimposed upon backgrounds of 5 X 107'* and 
10°'* amp for carbon dioxide and ethane respectively, at 
pressure 
found to correspond to 185 and 950 dpm for C' and H/®, in the 
500-ml volume at 750-mm pressure. For this purpose, Eq. 3 is 
replaced by a more appropriate one, C, 
ion current due to the sample that is just determinable to +10% in 
30 min, A/I is dpm for a given isotope per unit of ion current 


This current, 5 * 107'* amp, has been 


(1,4/1)/W, where I, is the 


(determined by calibration), and W is weight of hydrocarbon from 


The Bernstein- 


which the chamber filling is derived. 


5(L + (1+ 2.4B)4] 
3WE,E.B.e me 
where C, represents the limiting specific 


activity determinable. 


Methods for 6-Emitters 


Counting methods for y-emitters are 
more concentration sensitive than those 
so that methods for 6- 
detection should ordinarily be applied 
only to isotopes that emit B-rays only, 
or emit y-photons in only a small frac- 
In the petro- 
leum industry the more important pure 
H*® and C', 
idely applied methods were analyzed 


lor $-emitters, 


tion of disintegrations. 
Several 


b-emitters are 


for their concentration sensitivity for 


H? and C™, 
a nonvolatile hydrocarbon, analyzing 
85% C 15% H 
the sample is counted in a chemical 


Sample is assumed to be 


and In cases where 
form other than the original hydrocar- 
bon, W represents the weight of sample 
hydrocarbon required by stoichiometry 
to give the amount of material counted. 
sensitivity of four 
windowless gas flow counter 


Concentration 
methods 
for solids, liquid scintillation counter 
(1) for solid or liquid, internal gas coun- 
ter for gases, and ionization chamber 
for gases—are compared in Table 1. 

Basic difficulty in attaining concen- 
tration with all of 


methods, except the liquid scintillation 


sensitivity these 


method, is the small effective*sample 


Why Use Specific Activity Comparison? 


Tracer applications in the petroleum industry (5) frequently involve dilution 


of tracer by as much as thousands of barrels or hundreds of tons. 


Isotope meas- 


irement therefore often involves very low isotopic concentrations in samples of 


any size. 


This requirement of concentration sensitivity without sample size 


limits contrasts with biological applications where sample size is generally 


limited and methods must have high absolute sensitivity. 


Since hundreds of samples must be analyzed in some applications, the 


methods should be relative ly simple. 


Procedures involving evaporations, dis- 


tillations, and precipitations are at a distinct disadvantage 
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size. In the windowless counter this 


is due to sample self-absorption, since 


WE, reaches a maximum at “infinite 
thickness.” 


an increase in sample size requires 


In the gaseous methods, 


either a larger counter, with signifi- 
cantly higher background, or operation 
under pressure, which also involves a 
con- 


less 


higher background and is 
venient. The sensitivity advantage of 
the liquid scintillation counter arises 
from the sample being in a condensed, 
homogeneous phase in the active vol 
ume, 80 that self absorption is no prob- 
lem and sample weight can be large. 
Ten grams is not the maximum that can 
be used, but is a convenient amount. 

For C', liquid scintillation counting 
is much preferred. Where the sample 
is highly colored or quenches the fluo- 
rescence* the sensivitity may be reduced 


If this is 
could be burned and the CO, meas- 


very serious, the sample 


ured in an ion-chamber, or by other 


methods. Liquid scintillation count- 


ing has another very important advan- 


* With colored samples, or those which 
partly quench the fluorescence, an efficiency 
correction must be made by addition of a 
small known amount of the isotope being 


counted, and re-counting 
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TABLE 2—-Minimum Determinable Specific Activity of Isotopic Solutions 


Counting arrangement 


Crystal well 
End-on (50-gm sample 
Dip 


5-gm sample 


135 gm 
150 gm 
2,500 gm 


0.087 


he quired gamma photons minute gram of 


Me 0.82 Me 1.11 


12 


2 





solid s implies 


tage: with liquid and 


sample preparation simply involves 
dissolving the 
For H’, the 


18 also very 


sample in the liquid 


liquid scintillation 
method much preferred 
If the sample cannot be counted di 
rectly, it may be burned to water, and 
the water directly analyzed by the same 
method, While the internal gas coun- 
ter is twice as sensitive as this analysis 
for H* in water, the difference is hardly 
worth the water-to-ethane conversion. 

The cost of large-scale application of 
C™ and H* to petroleum problems is 
low. One hundred dollars worth of C' 
(2.8 me) may be diluted in one million 
liters of liquid, and ene hundred dollars 
worth of H*® (1 ¢) may be diluted in 43 
million liters of liquid, and their con 
centrations still be 


+ 10% in 30 min, by liquid scintillation 


determined to 


counting. 


Methods for y-Emitters 


Because of the low absorption coeffi 
cients for y-rays, and exponential ab- 
sorption, the concentration sensitivity 
for y-photons is not necessarily limited 
by a maximum value of WE, as is the 
with The 
with y-detection has been the low ab 
gas-filled G-M 


ionization 


case fp-emitters problem 
sorption efficiency of 
chambers 
Nal 
crystals of moderate size, and for usual 
y-ray energies, from 0.30-1,.00 
High 
y-emitters comes from using crystal 


counters and 


(~1%). In contrast, 2, for 
ranges 
concentration sensitivity for 
scintillation counters 

three 
crystal counter: | 


There are wavs of using a 
put the sample in- 


) 


side the crystal (well counter); 2, put 


the crystal at the center of the sample 


(dip counter); and 3, put the sample 


next to the crystal (end-on method) 
These methods have been compared ex 
0.057-Mev vy) 
Mey 


The crystal-well cour 


perimentally, using W'*! 
Cr® (0.32 Mev), and Zn® (1.11 


Apparatus. 
58 


ter is a 134-in.-diamete! 2-in.-high 
canned Harshaw well-type crystal wit! 
a 34-in.-diameter * 1}¢-in.-deep hole 
used with a 2-in. DuMont 6292 photo 
multiplier. This assembly, with dy- 
node and single-tube cathode follower 
circuits, is housed in a lead shield with 
7 em of lead surrounding the counte: 
and 6 em of lead above the crystal 
Cellulose acetate vials that fit the can 
hole are used to hold the samples \ 
5-ml sample fills the vial to the level of 
the crystal top. 

The dip counter is a 1%4-in.-diamete 
X 2-in. canned Harshaw crystal 
with a 2-in. DuMont 6292 photomulti- 


their 


used 


plier. These components with 


circuitry are housed in an aluminum 


cylinder. The crystal is surrounded by 
a snugly fitting 0.030-in. aluminum 
nose-piece. The dip counter was used 
for the end-on counter also 
Procedure. About 


of each isotope were prepared with 


3-liter solutions 


carrier, in strengths to give 


observed counting rates of well-counte: 


added 


samples of the order of several thousand 


per min. All counts were taken fo: 
a period long enough to record more than 
10,000 counts/determination, Appro- 


priate coincidence corrections were 
made for the higher counting rates. For 
Cr®. 


corrections were made; 


the 26-day appropriate decay 


they were not 


necessary with the other isotopes 


t Wiel 
emitting only 
K X-rays being predominantly 
Cr*' also decays by A-capture, emitting 
0.32-Mev y-radiation in about 5% of the 
disintegrations; its X-radiation is not 
detected with the employed 
Aside from the low-energy X-rays (not 
detected) emitted by Zn™, 3% of the dis 
integrations produce annihilation radiation 
and 46% produce 1,11-Mev 
correction for the contribution of the 0.51 
Mev annihilation radiation to the Zn 
counting rates for the well, end-on, and dip 


decays by KA-electron 
X-radiation, with the 57-kev 
detected 


capture 


counter 


y-rays Phe 


counter has been computed as 12°‘ 12° 
and 14%, 
given are corrected values 


respectively The Zn value 


The other arrangements were tested 
by putting a 50-ml sample in a 50-m] 
volumetric flask and counting with the 
flask mounted on the flat crystal end 
of the dip counter (end-on counting) o1 
by inverting the counter and placing it 
with the crystal at solution center in a 
beaker (dip counting). 

Standardization of solutions. Be- 
cause the decay schemes of two of the 


isotopes are somewhat involved,t an 
indirect method based on photon detec- 
tion alone was used to determine the 
specific y-activities. Counting rate in 
the crystal-well counter (5-gm sample) 
SCE EE. With the 


efficiency factors 


is given by S 


well counter these 
may be found, and C thus determined. 
Values of Ee for the isotopes used 
were determined by comparing the 
5-ml 
the 


without the water 


Irom @ 
that 


amount of activity 


counting rate aqueous 


solution with from same 


absorber. The ratio of the counting 
rate from the solution to the rate from 
the anhydrous sample is E,e, because 
Ek, was held constant in the counting 
Values of 0.967, 1.028, 
for Ee, W'*, 
The 


aluminum case on 


arrangement 
and 1.022 were 
Cr’, and Zn 
effect of the 14o-in 


found 


respectively 


these values is believed negligible 

KE, was calculated as 0.87, by simple 
integration of the solid angle subtended 
by the crystal from the source solution, 
This value was verified experimentally, 
using W!*!, 

Kk, can be calculated if the effective 
known. 
than the 
thickness, because the y-rays strike the 


This is 
actual 


crystal thickness is 


somewhat greate: 
crystal at virtually all possible angles. 
To determine this effective thickness, a 
calibrated solution of Fe®* was used.t{ 
Half of the Fe y-rays are 1.1 Mev and 
half are 1.3 Mey 
enough (< 0.5 Mev) so that they are 


The §-energy is low 


absorbed completely by the case. By 
1.020 


experi- 


using values of 0.87 for E,, and 


for Ee, E, 


mentally to be 


determined 
0.330. For 
iodide, uw for 1.1-Mev y-rays is 0.204 


Was 


sodium 


em™~!, and for 1.3-Mev y-rays yu is 0.185 
With 0.194 as the average 
thickness, d, in 
Actual 


em! (2) 


value, the effective 
E, : l ewe ig 

thickness is 1.27 em 
this effective 


2.06 em 


thickness, and 


the respective total-absorption coeffi- 


From 


cients in sodium iodide for y-photons 


of 0.057, 0.32, and 1.11 Mev (27.7 


t Obtained from Tracerlab, Inc 
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FIGS. 3-5. Gamma-ray spectra for point 
and dissolved sources of radioisotopes 


0.565, and 0.202 em™'), the respective 
values of EF, are 1.000, 0.68, and 0.34. 
Values of E,E,Ee, 
ciency factor for y-photons, are then 
0.842, 0.616, and 0.304, respectively. 
for the absolute 


the combined effi- 


Using these values 
efficiency of the well counting arrange- 
ment, all the observed counting rates 
vere then converted to those corre- 


sponding to unit specific activity 


| y-ray photon/min/gm—as shown in 


Fig. 1 for the three arrangements. 


Concentration Sensitivity 

[In comparing methods for concentra- 
tion sensitivity, Eq. 3 applies. Values 
of WE,E,E used to plot Fig. 1 may be 
used directly. Observed backgrounds 
shielded by 2 in. of lead) are 200 epm 
for the counters. Calculated values of 


C, are given in Table 2. The concen- 
tration of y-emitters may be determined 
in solutions as low in specific activity 
This level 
is about 40 times lower than that attain- 


with the best 8-counting method. 
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as 0.2 y-photons/min/gm. 


able 


The limiting specific activity for a 
2,500-ml sample, 0.2 y-rays/min/ml, 
corresponds to | me dispersed in 10,000 
metric tons of material. This is about 
4g the volumetric y-ray specific activ- 
ity caused by K* in the human body. 

The arrangements are affected differ- 


With 


the well counter EL, and E¢ are close to 


ently by the efficiency factors. 


unity, but the relatively short crystal 
path leaves the sensitivity controlled 
strongly by /,, which is very sensitive 
to the y-energy. The other arrange- 
ments use a much thicker crystal. In 
these instances KF, is relatively small 
(0.05-0.5) and predominates in deter- 
mining sensitivity. Differences among 
the isotopes are caused by self-absorp- 
affecting W'*!, 0.057 


Mey, particularly) and by different de- 


tion in a sample 


tection efficiencies (affecting Zn®, 1.11 
Mev, particularly Photons of about 
0.3 Mey 


ciency than either of the other energies 


are detected with greater effi- 


studied, principally because neither of 
these factors is as serious at this energy. 
methods are 


Refinements in these 


possible. Larger samples may be used 
for dip counting, with a sensitivity in- 
But 


crease as rapidly with samples larger 


crease. sensitivity does not in- 


than 2,500 gm, because of self-absorp- 


tion and decreasing geometrical effi- 


ciency. Shielding problems increase 


significantly. Using a larger crystal 


would have several advantages: (a) 


E, would particularly with 


(b) E, 


kK, would increase be- 


incrense 


higher-energy y-rays would in 
crease, and (c) 
cause of the smaller sample thickness. 
These effects 


tration sensitivity in spite of the con- 


would improve concen- 


comitant increase in background, 


Dip-Counting Efficiency 


Dip-counting results 


will now be 
compared with values computed from 


The 


the crystal is a 


a simplified theoretical model. 
that 
sphere (2.65-cm radius) with volume 


model assumes 
equal to that of the cylindrical erystal, 
and that the sample constitutes %{o of 
a spherical shell with internal radius 
The other 
tenth is taken up by the scintillation 


3.cm and external radius b. 
counter itself. The number of primary 


y-photons emitted from a spherical 
shell of the aqueous sample that inter 
sect the crystal is given approximately 
by dS = 0.9C rwh*e +” 


specific activit 


“dr where C, is 
ml, uw is linear absorp- 
narrow-beam attenua- 
R is crystal 


tion coefficient 


tion coefficient) for water 


radius, r is distance from shell to detec 
tor center, and dr is shell thickness 


Integrating over the sample, and 
dividing by the total y-photons emitted, 


gives the efliciency-factor product 


. = 3R71 e~ v~8)) 
E,E, sy(b 
Sample weight, assuming unit density, 
is 0.9(4 3.78(b* — 27). 
Calculated values of FE, have been 


3)r(b* 27) 

plotted against W in Fig. 2 

Assuming the effective crystal thick- 

~4.5 em, E, is calculated as 
W'" 0.92 for Cr®, and 0.60 
Using these values and the 


ness is 

1.000 for 
for Zn*. 
computed E,k, values, the expected 
product Lh, is found to be some- 
what smaller than the observed values 
of EE. E.e (points in Fig. 1 referred to 
The ratio 


the efficiency coordinates 
of observed/theoretical ranges 
1.35 to 2.25 for samples of 100-1,000 
grams, depending also upon the y-ray 
Part of 


caused by inadequacy of the theoretical 


energy. this discrepancy is 
model, and part is caused by the quan 
tity « Factors that 
value of ¢ 


contribute to a 
greater than unity are (a) 


contribution of secondary Compton 
¥-photons produced in the thicker sam 
ples, and (b) greater detection efficiency 
of the erystal for these lower-energy 


secondary photons Figures 3-5 show 
dip-counter y-ray spectra for a point 
source of Isotope Vs those for 2,500 ml 
The 


contribution by lower-energy scattered 


of isotope solution increased 


photons is clearly evident 
- o.e 
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\-ra ation coeheintes 


1008 (Na 
Department 


attenu 


q single 


Atom 
modified by the 


These were obtained with a 


channel pulse-height analyzer 
model 510 


incorporation of a motor-driven sweep for 


Instrument Co 
the baseline, with output pulses fed into a 
Tracerlab Supers aler ratemeter insert, and 
recorded on a Brown Electronik recording 


potentiometer, 
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FIG. 1. Counter assembly for measurement — 
of nitrogen-16 in reactor cooling water. 
Water admitted through stopcock flows 
through sample tube. Counting assembly 
is shielded from stopcock by 3 in. of lead 





brick 


Sample tube 
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Radioactive Species Induce 


Gamma spectrometry, decay studies, and chemical methods allow identifi- 


cation and measurement of reactor-induced activities. 


A special counter, 


fed cooling water from the core, measures absorption and decay 





TABLE 1—/mpurities in Cooling Water 
as Determined by Spectrographic 
Analysis 


i ppro imate 


Element concentration (ppm)* 


Actual 


than 


* < indicates limit of detection 
concentrations may be 


stated limits 


much lower 
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WHAT 
duced in demineralized cooling wate 


RADIOACTIVE SPECIES are in- 
when it passes through the high neu- 
tron flux inside a reactor? This article 
describes three different types of radio- 
chemical determinations that were 
made, and their results. 

Table 1 lists the impurities that were 
the 


spectrochemical analysis. 


found in circulating water by 
This sample 
was obtained at the same outlet and in 
the 


radiochemical 


used for 
The 


had been circulated in the reactor sys- 


same manner as those 


analysis. water 
tem for a period of time sufficiently long 
activities as long-lived 
The 
which the water was exposed was ~4 
1Q' The 


contact with aluminum, stainless steel, 


to ‘“‘saturate”’ 
as 15 hours. maximum flux to 


n/cem?/sec, water came in 


cast iron, and carbon steel 


Short-Lived Activity 
The only activity of half-life greate: 


than a few seconds and less than one 


minute was N!*, produced by the reac- 
O!"(n,p)N'**. How N?'® in the 
water was identified and its concentra- 
this 


tion 
tion estimated are described in 
section, 

Since N!* has a quite short half-life, 
it was decided to make energy measure- 
ments on a steady-state system con- 
taining the activity. Beta-absorption 
data were chosen for the activity meas- 
has two extremely 
t and 10 Mev (1). 


The experimental assembly used to 


urement since N! 
hard beta rays: 
measure the N’® in the water is shown 
schematically in Fig. 1. A three-way 
stopcock was attached to the outlet 
the Water 
entering the stopcock could then be 


line from water system. 


sent either through the counter assem- 
bly or directly to the drain. 
consisted of 


The counter assembly 


an argon-methane-filled proportional 


heta counter connected through a 
scaler to a linear counting-rate meter 


A stand- 
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and a fast-response recorder. 
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Aluminum absorption data for reactor cooling water 
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Short-lived decay of reactor cooling water 


in Reactor Cooling Water 


By W. S. LYON and S. A. REYNOLDS 


Analytical Chemistry Division 
Oak Ridge National Laboratory* 


Oak Ridge, Tennessee 


! aluminum sample-card holder was 
placed between the counter tube and 
the sample tube through which the 

ctive water passed. The sample tube 

made of aluminum tubing about 

n diameter with wall thickness of 

ibout | mm everywhere except directly 

below the tube window; here the alumi- 

num wall was filed down to about 0.4 

thickness for about 1 em along the 
ength of the tubing 

Che entire assembly of counter, shelf 

sample tube was held in place on 
i table by clamps and screws and was 


unded on all sides by lead brick. 
he experimental procedure was to 
vy cooling water to flow through the 
veral minutes until a steady- 
etivity 


ption data 


had been reached, Ab- 
were then obtained by 
aluminum absorbers below the 
observing the de- 


tube and 


by Union Carbide 
pa 
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Data 
taken on water from an outlet from the 


crease in counting rate 
reactor, whose intake was located near 
the fuel lattice 

Figure 2 is an absorption curve that 
was obtained. The components of the 
composite beta and gamma curve were 
resolved by subtracting out the hard 
gamma background contributed by the 
6- and 7-Mey 
with N' The beta activity is due to 
the 10- and 4-Mey beta rays of N" 


The counter was calibrated by clear- 


gamma rays associated 


ing the sample tube of water and filling 
it (through the third arm of the stop- 
cock) with a 
Ru!”-Rh 

known 


solution of radioactive 


3.5-Mev beta ray) of 


concentration, and obtaining 


The effi 


ciency of the counter tube was obtained 


aluminum absorption data. 


by dividing the observed counting rate 
of the known Ru-Rh solution by the 


true disintegration rate dpm ml) of 


The 
found by dividing the 


the standard solution activity 


of the water was 


were 





TABLE 2.-Gamma Emitters Induced in 
Cooling Water 
Nuclide E i(Me Half-life 10° dpm ml 
Na* ; 15.1 be 

fi 15.1 he 
Mg? 58%) 9.5 min 


Yoo min 


AL* 7 2 


Simin 








TABLE 3 Radioactivities 
Cooling Water 


Induced in 


Actinity Half-life dpm ml 
N's , men 

A|?* } min 

Mg 9.5 min 

Na? 

Cu 

Mn 

Ay''? 


* Average « 
stry and radi 








observed counting rate of the water by 

the tube efficiency 
Decay data were obtained in the 

what activities were 


T he “ee 


data were obtained by closing the stop 


water to ascertain 
being detected by the counter 
cock so that no more water entered the 
tube and following the decay of the 
water in the sample tube. Figure 3 
indicates the short-lived decay of the 
It shows the presence of N'*, to 
gether with a longer-lived background 


water. 


The activity observed from the ab 
sorption data then had to be corrected 
This 
opening the stop 


to the time of lenving the reactor 
time was found by 
cock and measuring the time required 
for the active water to reach the coun 
ter. 
seconds, and using this figure and the 
half-life for N** (7.3 seconds), the ob 
served data were corrected, The ac 
tivity found calculated to be 
1.8 & 10* dpm/ml 


This time was observed to be 18 


was 


Intermediate Gamma Emitters 


It was of interest to find what gamma 
emitting nuclides with half-lives greater 
than one minute and less than one day 
were present in the water For the 
identification of electromagne tic radia 
tion, a Nal(Tl) gamma-ray spectrome 
ter is most useful (2) 

For these experiments, such a spec 
trometer kindly loaned by F. C 
Maienschein, Oak Ridge National Lab 
oratory. The counter 
3 & Sin, cylindrical Nal erystal with a 
This 


type crystal was cemented toa DuMont 


wis 
consisted ol it 


about 14g x 44 in well 


well 
3-in, photomultiplier. Pulses from the 
photomultiplier were fed through an 
A-1-A preamplifier, an A-1l amplifier 
10-channel differential 
The counting rate in 


and then to a 
pulse analyzer, 
each channel was recorded on a me 
chanical register 

Data were obtained from 300 kev to 
4.3 Mev with each channel width 100 
kev, and again from 150 kev to 2.15 
Mev with 50-kev channel width 

A hollow cylindrical aluminum 
(~1.3 
crystal opening to absorb most of the 


shield 


gm/em*) was placed in the 


beta radiation from the sample. Sam 
ples of water were obtained, were made 
and then 
The de m\ 


of the gamma spectrum of the water 


to 2 ml in volumetric flasks 
placed within the crystal 
was followed on the multichannel 
analyzer, 

Figure 4 shows the decay data ob 


tained with analyzer set for the range 
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FIG. 4. Decay of gamma-ray spectrum 
(0.3-4.3 Mev) of reactor cooling water 


300 kev to 4.3 Mey. Similar data 
were taken for the range 150 kev to 
2.15 Mev 


concluded 


From the data of Fig. 4, it 
that 
gamma radiation of 
than the 2.8-Mev gamma ray from 
Na™*, The peak at 4.1 Mev is a 
“nile-up”’ peak caused by coincidence 
summing of the Na*4 2.8-Mev and 1.3- 
Mev 
geometry of the counter by moving the 


was there was no 


energy greater 


gamma rays. Decreasing the 
sample away from the crystal removed 
this peak; in addition, known samples 
of Na** gave a peak with the ratio of 
2.8- and 4.1-Mev gamma rays identical 
to that of the water sample. 

The 


photopeaks were obtained by graphical 


areas beneath the observed 
integration, and the decay of each peak 
was plotted. 

An energy and efficiency calibration 
of the counter was made by measuring 
aliquots of known disintegration rate 
of Na*™ (1.37-Mev 2.75-Mev 
gamma energy) and Cs!*’ (0.661-Mev 


and 


gamma energy) in the scintillation 
counter assembly in a manner similar 
to that The 


area beneath the photopeak obtained 


used for the samples. 


from the gamma spectrum of each 


nuclide, when divided by the true dis 
integration rate, gave the efficiency of 
for that 


rhese true points were used to con- 


the counter energy gamma 


struct an efficiency-vs-energy curve 


from which efficiencies for the various 


observed energy photopeaks were 
obtained. 

The area beneath the photopeaks, 
when divided by the appropriate effi- 
ciency, yielded the absolute emission 


rate of each gamma ray. From the 
energy, intensity and decay data (1), 
Table 2 


The values given in 


the radioactivities listed in 
were identified 
the last column of Table 2 are absolute 
disintegration rates of the nuclides, 
These are identical with the emission 
rate of the gamma rays with the excep- 
tion of Mg?’, which has relative gamma 
intensities as in the second column (3). 

The Na*™ is formed by the reac- 
tions Al*?(n,a@) Na**, Na*4(n,y)Na*™, and 
Mg**(n,p)Na**, Mg?’ is 
Mg?*(n,y)Mg?? and perhaps a small 
amount by Al?"(n,p)Mg?’. Al** is 
formed by Al?7(n,y)Al**. 


formed by 


Longer-Lived Activities 
The 


maining in cooling water after several 


radioactive contaminants re- 


hours decay were determined by radio- 
Mn, 
Cu, Na, and Ag activities were per- 


chemical analysis. Analyses for 


formed under supervision of G. W. 


Leddicotte by methods in use by the 
ORNL Analytical Chemistry Division 


, 


Summary 

The presence of a number of induced 
radioactivities in reactor cooling water 
has been quantitatively established. 
Table 3 is a summary of the data ob- 
It is believed that the results 


used to 


tained. 
reported herein could not be 
anticipate quantities of the same activi- 
How- 


ever, this information may be of use in 


ties produced in another reactor. 


indicating the radioactive species to be 
{ more complete account 
work has 


elsewhere (4) 


expected, 


of this published 


1 
peen 


If a leak occurs in a reactor fuel ele- 


ment, fission-product and Np*** activi- 


ties would be expected to be present in 


the water. These may be determined 


by standard methods (6). 
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THE LIBRASCOPE 
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RADIATION DETECTOR 


FEATURING THE BALANCED IONIZATION CHAMBER 
The Librascope BIC-2 is a compact, inexpensive 
device for measuring radiation rate quickly and accu 
FEATURES rately in amounts from .05 to 50 Roentgens per hour 
The operation of this instrument is based on a prin- 


“4 Rugged sealed unit ciple developed in Libras« op 's researt h laboratories; 

¢ Shock and Moisture-Proof the Balanced lonization Chamber 

+ Accurate, Simple Operation This is a balance between a negative ion current, 

¢ Carried by Belt or generated by external radiation, and a positive ion 
Shoulder Strap current, exactly equal and opposite, which is gene 

Long Life on Hearing rated within the instrument. The “nulling out” of these 


two currents is the seTrvo-mec hanism principle, or a 
100% feed-back loop. As a result, calibration is not 
affected by electrometer tube characteristics, battery 
voltage, meter movement sensitivity or linearity 


Aid Battery 

Calibrated Range: .05 to 
50 Roentgens per hour 
Weight: 18 Ounces 


THE B1C-2 
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PROTECTION 


For complete information, or a demonstration of the 
New BIC-2 Radiation Detector, write today to Libra 
scope, 808 Western Avenue, Glendale, California 
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FIG. 1. Scintillation-crystal mounting (longitudinal and cross sections) 


Localizing Scintillation 
Counting-Rate Meter 


By HERBERT JONAS num foil held in place by a covering 
Cancer Research Laboratory frame, 
University of Virginia Medical School The crystal and photomultiplier are 


Charlottesville, Virginia placed in an aluminum can containing 


a cathode-follower preamplifier and 
In a study of K* uptake by plants ; | ; 
power and signal-cable connections. 
(1), it was necessary to study in vivo , , 
fp Around the outside of the can is wound 
the radioactivity in small areas of : 
~ a coil of copper tubing through which 
leaves without physiologically disturb 


ing them. A _ detector utilizing a 
scintillation crystal, similar to dete 


cooling water flows. Tap water at 
about 10° C reduces the background 


; : count owing to photomultiplier thermal! 
tors used in brain surgery for localizing 


P* (2), has proved satisfactory nomen fo 10) Ge.) Apnea) arama 


Detector 
A rectangular anthracene « 
(3-5), with a cross section of 3.5 * 4.0 





11004 
| 


mm, is fitted in an aluminum holde 9004 
which is fastened to the horizontally 
positioned window of a 1P21 photo 


3 


multiplier tube (¢ is shown in 
Fig. 1. The erystal ut 15.0 mm 
long to stop most K* beta particles and 


Rote (cpm 


some of its gamma ra‘ One end of 


Counting 
w 


the crystal is cut and polished to the 
curvature of the photomultiplier 
envelope; a thin layer of hig! 
(silicone) grease provide 

coupling between the tube 

An aluminum-foil reflector : ‘. Le 1 Oo 





sides of the erveatal imopre ae} | Distonce from Center of Source (mm) 








tion efficiency and light 


pom FIG. 2. Counting rate as function of dis- 
rhe end of the erystal facing 


tance between centers of UX.*** source and 
is covered with a 12.7-micro mi anthracene crystal 
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compound and electrician’s tape stop 
light leaks to the photomultiplier. 


Counting Circuit 

The pulses from the detector-head 
preamplifier feed into a linear amplifier 
and then into a counting-rate meter 
General Radio Co. Type 1,500A), 
which is modified for improved sensi- 
tivity control. The ratemeter output 
drives a recording milliammeter. 

An optimum 900-volt d-c potential 
for the photomultiplier is selected be- 
cause it is centered in the linear portion 
of the plot of the apparent activity of 
the reference uranium source as a func- 
tion of d-c potential Linear-amplifier 
gain is adjusted so that it is located at 
the inflection point of a plot of gain 
versus the logarithm of the background 
activity at 12.5” ¢ At this tempera- 
ture, the amplification of photonoise 
becomes noticeable. The sensitivity of 
the ratemeter is chosen so that a 0.15- 


volt signal just becomes audible. 


Localization Efficiency 

Figure 2 describes the degree of 
localization obtained with the detector 
when a UX,.?"4 source, which emits 95% 
2.32-Mev beta particles and 5% 0.80- 
Mev gamma rays (8), was moved 
parallel to the detector window. The 
source was 4.5 < 4.0 mm; source-de- 
tector vertical clearance was 1.6 mm. 

The apparatus efficiency (4.6%) was 
approximated by comparing the counts 
of a 40-mg-K*HCO, sample in a 5-ml 
Pyrex test tube, 1.6 mm below the 
scintillation detector head, with the 
activity of the same sample as deter- 
mined by an ionization chamber of 


almost 100% geometry (9, 10). 


Application 

Sunflower plants placed in K*- 
tagged potassium bicarbonate solution 
were mounted so that one leaf of the 
fourth pair was in loose contact with 
the crystal cover (14g mm from crystal 
to epidermis). The crystal was cen- 
tered above the central vascular strand 
of the leaf, 2 cm from the petiole. The 
leaf was mounted on thick blotting 
paper covering a 44-in. lead plate to 
shield against stray radiation from K* 
in the lower plant organs The bicar- 
bonate solution was shielded by lead 


plates and bricks Each plant was 
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ept in the solution for 2—-3 days while 
the activity was recorded. 
* * * 
Th work was undertaken while the author 


1s a Postdoctoral Fellow of the National 
Research Council 
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SHIELDED BOX consists of three main parts: wooden back panel (P) and shelf (A) above it, 


both firmly attached to wall of room; movable shield (S) with platform (F) for operator, 
mechanical manipulators, and window (W); rack (R) with gas tubes and electrical controls 


Shielded Box for Chemical Work 


By JAN RYDBERG 
k irch Institute of National Defe nae 
Sweden 


lhyl 
Su pyberd, 


While cells for multicurie work are 
expensive to build, most labora- 
budgets permit work at the curie 

This 

t to handle samples of the order of 
irie. The cost ($4,000) should 
exceed by that of a lead- 
led dry box; flexibility equals that 
Brookhaven hot cell. 

The shield (see 


paper describes a box 


much 


illustration) can be 
ed back on rails so as to permit free 
( to the panel All equipment for 
certain experiment is either mounted 
the panel (e.g., the centrifuge) or 
ced on the stainle 

removable and rest on angle 


All elee- 
guses 


eh are 
mounted to the panel. 


t il connections and tubes for 
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and liquids also pass through the panel 

On the back side of the panel, which 
is about 1!4 ft from the wall, a small 
interchange box is placed. Since this 
box is situated about 144 ft from the 
right side of the shield, different objects 
can be introduced into the large box 
without exposing more than the oper- 
This 


of course, be avoided, 


ator’s arm to the radiation. 
irradiation can 
if the operator uses tongs, though this 
is usually not necessary. 

When the shield is in place against 
the back 


panel, foam-rubber 


airtight 


strips 


provide an seal, The air, 
which is always under reduced pressure 
leaves the 


The box 


in inert atmosphere. 


inside the bo enters and 
box through gas-mask filters. 
can be filled with 

The shielding round the box consists 
10-em tl 


mented in the front b 


ol a ckness of iron 


supple 
j-cm thickness 


window 


of lead (L). The 


(W) in the viewing hole is 11 em thick 


lead-glass 


The shielding efficiency of these mate- 
rials is sufficient to permit continuous 
work with l-curie, 0.7-Mev gamma-ray 
sources, There is no shielding on the 
back side (no persons work on the other 
little on the 


The radiation scattered through 


side of the wall) and very 
top. 
the unshielded parts of the box can be 


level. At 


additional 


neglected at the l-curie 


higher radiation levels 


shielding is necessary, and 10-15-cm 
thick lead blocks ean the n he piled up 
on the inside shelves (C and D) of the 


shield. There is also sufficient space 
for increasing the thickness of the lead 
radiation 


glass window. However, at 


intensities much above | curie, the 
scattered radiation becomes important 
and the top and back side must then be 
covered by appropriate shielding. ‘The 
present shield weighs 4 tons 


The 


the view through the lead-glass wing 


mechanical manipulators and 


dow cover the whole inside 


space 


the box (except tor the lowest part at 


the height of the centrifuge motor; in 
are kept) 


gas flow is con 
. 


this space, waste bottles, et 
Klectric current and 

trolled on the rack (f 
swung ove! close to the side of the box 
The shelf (A) above the bo» 


permits 


which can be 


is easily 


reached, which controlling 

liquid flow into the box and pumping 

and suction action of the syringes 
When contaminated 


completely washed inside 


the box can be 
The wash 
liquid drains through a valve (not 
D into a trough (7' 


the back panel 


shown) in shelf 
which is attached to 
below the box. When the shielding is 
liquid that remains on 
into this trough. All 
from the box finally 
bottle 


removed, any 
shelf D drains 
liquid waste 
drains into a= shielded (not 
shown) at some distance from the box. 
One of the main advantages of this 
that a 
tested in its final arrangement with the 
from the 


tests In 


design is procedure can be 
panel so 


this 


shield moved away 
hinder the 
trial 


as not to 


way, preliminar runs can be 
made using. the hands so that all chemi- 
cal operations can be tested more easily 
and rapidly than by using manipulators. 


However, a true dummy run should of 


course be carned out with the shielding 
covering the equipment 
> al > 

The autho to thank the head of the 

Chemistry De partment, Prof. G 1 enggren 


wishes 


for encouraging thia worl 
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Inhibitor Breakdown 
in Zinc-Bromide Shielding Windows 


By DANIEL T. HAWORTH* 
Marquette University 
Milwaukee, uv iaconatn 


To prevent radiation induced break- 
down and coloration of zine bromide in 
shielding windows, hydroxylamine hy 
drochloride is added to the liquid shield 
(1). 


vceurs and is inhibited by 


The change in the zine bromide 


the reactions 


(radiation) — H, + Br 
»>HO + NO 
+ 4HB: 


HBr + 
2H.NOH + 2B: 


Upon exhaustion of the inhibitor, the 
free bromine formed will cause a yellow 
coloration of the liquid. Due to the 
expense and time involved in replenish 
break 


down has been determined for various 


ing the inhibitor, the dose for 


concentrations of the inhibitor 


Experiments 


Using the 
defined previously (2) 


‘vellowness factor’”’ 


Yellowness 


%T's, 600k 


various concentrations of inhibitor in 
zine bromide were irradiated using a 
Co source of 375,000 r/hr at ‘9 in 
The factor was measured with a Beck 
mann D.U. spectrophotometer under 
the following conditions: slit width was 
0.09, 0.07, and 0.24 for 4,500 A 
5,500 A, 6,500 A, respectively; 
sensitivity setting, 1.0 


and 
standard, air; 
silica cells, 1.0-em light path 

The 


prepared using Eastman 


concentrations were 


Kodak hy 


| ow 


following 


droxylamine hydrochloride and 


Chemical zine bromide, which 
0.01 % 
obtained from the 
0.01%, 0.1%, 
10.00%. The 
ZnBr,y was 77.0% with 2.50 density 


The absor pt ion 


con 


tained inhibitor as originally 
manufacturer 
0.75% 1.00% and 
concentration of the 
spectrum of zine 
bromide was observed before and after 
breakdown An absorption 
maximum was observed at 3,900 A 
(slit width 0.16) after breakdown 

A typical plot of yellowness vs. dose 
The 


dose was taken at the point of sharp 


(Fig. 1 


is shown in Fig. 2 breakdown 


increase in the vellowness factor 
The breakdown dose also was deter- 


Appreas: Chemistry 


Louis, Mo 


* Present Dept 


St. Louis University, St 
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mined by observing the decrease in 


transmission of the zinc bromide at 
3,900 A (Fig. 3 and the table). After 
breakdown the transmission decreased 
rapidly due to the formation of bromine 

From Fig. 4, the following equation 


dose 3 


was derived: breakdown 


10’ (% inhibitor)*:* 


Discussion 
W. B. Doe 


hydroxylamine per 


suggests 
100 gal of 


volume 


Zine 
bromine will protect a small 
from 10° r of 
If a 3-ft-thick window is used, the zinc 


bromide can withstand 10°10’ r, as- 


incident radiation (2) 


suming that the dose is extended over a 
period of time to allow for thermal 
mixing (3). Since 4 oz of inhibitor 
corresponds to a 0.022% (wt) solution 
of inhibitor, a l-em thickness could be 
protected from 7.0 * 10° r, 
3-ft-thick 
protection to 64 * 10’ r 
tained. This is in good 
with Doe (3). The 4 02/100 gal is 
actually 0.012%; however, 0.01% in- 
hibitor is added by the manufacturer 


and if a 


window is used, maximum 
can be ob- 


agreement 


The most satisfactory amount of in- 
hibitor would depend on the level of 
However, the 


radiation to be used. 


most economical amount of inhibitor 
would be in the range of 3.8-4.5 oz of 
hydroxylamine per 100 gal of zine 
bromide. 

Care should be taken never to allow 
the yellowness to exceed 10, or to allow 
the transmission at 3,900 A to fall below 
Should this 


tively determine the inhibitor. 


75%. occur, quantita- 
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| 


Absorption spectra of ZnBr 
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FIG. 2. Typical radiation yellowing 














FIG. 3. How radiation decreases trans- 
mission of zinc bromide at 3,900 A with 
0.1 % inhibitor 














Effect of inhibitor on breakdown 
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LEADER IN DESIGN AND CONSTRUCTION OF NUCLEAR REACTORS 


NORTH AMERICAN’S 
NUCLEAR ENGINEERING 
DIVISION NEEDS 


eeeege 


= 


TTT 


NUCLEAR 
ENGINEERS 


Susana, the first nuclear reactor in California, 
completed in 1952 by North American at its 
Downey Plant now in active operation 

. and the latest UCLA Medical Research 
Reactor. 


ene 


a BN 


North American, a key contractor to the 
Atomic Energy Commission, is now interview 
ing engineers and scientists for important new 
posts at its Nuclear a and Manu 
facturing Facility in the San Fernando Valley 


You will work with top men in this exciting 
new field . be able to draw on the expe 
rience they have amassed in almost 10 years of 
active participation in the practical peacetime 
applications of nuclear energy. 


Representative North American nuclear proj 
ects completed or under construction include 
the Armour Research Reactor at the Illinois 
Institute of Technology, the joint A.E.C.-North 
American power research reactor at Santa 





PHYSICISTS and ENGINEERS 
YOU CAN ARRANGE A PERSONAL INTERVIEW TODAY! 
RADIATION CHEMISTS—_M.S. or Ph.D with train 





NUCLEAR PHYSICISTS——_M.S. or Ph.D 
in reactor and component research and development 

or qualified to work on related nuclear physics 
problems. Special opportunities exist for scientists 
capable of planning experiments and of carrying out 
research projects 


NUCLEAR ENGINEERS Engineers or physicists to work 
on full scale reactor power plant for central station 
power application. 


NUCLEAR ENGINEERS-M.E.. Ch.E. or EE 
fied to perform evaluation studies of various reactor 
systems from the standpoint of materials compati 
bility, design simplification and nuclear safety and 
economy 


experienced 


quali 


WRITI 
Engineering Personnel Office, Att. Mr 


ing in physical chemistry or physical organic chem 
istry with graduate work in chemical kinetics of 
organic materials, or photochemistry 


STEAM ELECTRIC POWER PLANT DESIGNER—Special 
opportunity for a senior design engineer to get in on 
the ground floor of the generation of electrical power 
from nuclear reactors 


DESIGN or CONSTRUCTION ENGINEERS 
training and experience to engineer and 
FACILITIES for nuclear Steam electrical 
power plant, plant layout or heavy construction 
experience necessary. We'll supply your 
expenence 


Qualified by 
develop 


reactors 


nuclear 


rODAY 
D. S. Grant, Dept. 91-20N. North American's 


Nuclear Engineering and Manufacturing Division, Downey, Calif 








ENGINEERING AHEAD FOR A BETTER TOMORROW 


Nortu American Aviation, INC. 
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if you want 


BORON-FREE 


FUSED 
QUARTZ 
LABORATORY 
WARE 


you can get it! 


Let the world’s largest producer of 
fused quartz products help you with 
your most exacting technical require- 
ments. 

Recent laboratory analysis indi 
cates our BORON-FREE fused quartz 
products contain only one part of 
BORON in 25,000,000 parts of quartz 
Spectrographically, other impurities 
are practically negligible. 


TRANSPARENT VITREOSIL 
SPECIAL APPARATUS 


For ultra-violet applications, metal 
lurgical investigations, chemical re 
search and analysis, photochemistry, 
spectroscopy and physical, optical 
and electrical research 


Catalogs and technical data of our 
complete line available. Write today 
Please use coupon below 


cae ° 
< 
> meosu™ ‘ 
saenmeewamme |, VO eee ee 
\ aaa PACA 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 
18-20 Salem Street, Dover, New Jersey 
Please send technical data on 


Company 

Name & Title 

Street 

City State 
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Zone 


LABORATORY BUILDING, steel framework and concrete construction, has ground floor and 
basement. Of ground floor’s 19,000 ft*, 5,000 ft® are equipped for handling radio- 
isotopes, remaining area is devoted to offices, dark rooms, counting areas; concrete-slab 
floor supports 300 Ib/ft’?; laboratory rooms are separated by 8-in.-thick concrete-block 
walls 


General Motors Builds 
Radioisotope Laboratory 


By A. SOMERVILLE 
Research Laboratories Division 
General Motors Cor poration 


Detroit, Michigan 


A radioisotope laboratory, where be shielded with up to 6 in. of lead. 
Since the boxes are on roller tables, 
to the 
tamination and storage areas. 
Most radioactiv 
attached to each glove 
the 


separate 


industrial and research applications ol un- 


radioisotopes will be explored, was used units can be sent decon- 
completed in July at the GM Technical 
Center in suburban Detroit. 

available to all GM 
The 


laboratory staff provides men trained 


e waste is handled in 
carboys box, 


The 


through a 


The facilities are 


technical personnel. permanent rest’ of waste water passes 


drain system, is 


tanks, 


and finally pumped into 


to handle radioisotope problems collected in storage assayed for 
Most of the 


Ber keley -type glove boxes, 


radioactivity, 
the 


basic research units are 


which can sanitary sewer system. 


Pact aud POPE SPact 


WE MICA 


ant away 
RECEWiw 
STORAGE meine OF r ’ 
Me 
- aye 


Ry “it aaa 


| 
as ornam 


OunTing ROOM OF 
WOPRADIOACTIVE AREA 
prone 


WACIOCHE MICA 
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LOOR PLAN 





RESEARCH PROGRAM keeps handling of large quantities of unsealed material at ends 
of building wings; contamination gradients are maintained in wings with glove-box storage 
rooms as buffer zones. Aluminum roof sections minimize backscatter in source and source- 
preparation rooms. Pit surrounded by 3-ft-thick concrete serves for bulk-isotope storage; 
two small storage wells in each laboratory and counting room extend 3 ft below basement 
floor. One-pass, nonrecirculating, 2-duct hot-and-cold air system is used; minimum 10 air 
changes /hr is provided in radioisotope laboratories and 5/hr in other rooms; air supplied 
to wings is exhausted through radioactive work rooms; differential pressure is auto- 
matically maintained; boxes are individually exhausted; standby fans and power assure 
Basement houses building utilities 
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continuous building and box exhaust. 
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Launching view of the Seawolf, America’s second nuclear 
powered submarine, for which Combustion built the reactor 


vessel and other components of the nuclear power system 


Combustion Engineering, Builder of Nuclear Components for 
Seawolf, becomes Third Major AEC Contractor to enter 
Naval Reactor Development Program 


On August 11, the Atomic Energy Commission an 
nounced the award of a contract to Combustion Engi 
neering for the design, manufacture, assembly and test 
of a submarine nuclear power reactor and its related 
equipment. Only two companies had previously been 
awarded such contracts—the Westinghouse Electric 
Corporation and General Electric Cofhpany. 


Combustion brings to this important assignment the 
experience already gained in building the reactor vessel 
ind other related components for both the Seawolf and 
its prototype in the sphere at West Milton, N. Y., which 
recently became the first nuclear source of commercially 
distributed electricity for public u 
further augmented by design, research and development 


se. This experience is 


work in the field of atomic power over the past eight 
years, including the manufacture of the reactor vessel 
presently in process, for the AEC-Duquesne Light plant 

the country’s first commercial-size nuclear power 
station. 


In executing its AEC submarine contract, Combustion 
will utilize new manufacturing facilities now being 
erected at its Chattanooga plant, plus additional facili 
ties to be established in a new Nuclear Engineering and 
Development Center scheduled for completion in 1956 
Thus Combistion Engineering will become the first 
company in the country to prot ide its own facilities for 
the construction of a naval nuclear reactor 


COMBUSTION ENGINEERING 


Combustion Engineering Building 


200 Madison Avenue, New York 16, N. Y. 


STEAM GENERATING UNITS; NUCLEAR REACTORS; PAPER MILL EQUIPMENT, PULVERIZERS 
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FLASH ORYING SYSTEMS, PRESSURE VESSELS; DOMESTIC WATER WEATERS, SOU PIPE 





Operating a Hurst-Type Fast-Neutron 


Dosimeter in High Gamma Fields 


By J. T. BRACKEN,* E. A. ROLLOR,* 
and J. A. MOHRBACHER 

Convair Division 

of the General Dynamics 
Fort Worth Division 
Fort Worth, Texas 


Corp 


For accurate measurements with a 
fast-neutron (1-4) a 
nuclear-reactor radiation field, gamma 


dosimeter 


interactions must be discriminated 


against or compensated for (4, 6). 
The detectors used in our study were 
a commercial version (Radiation Prod- 
ucts, Inc., Detroit) of the Hurst fast- 
which was 


neutron dosimeter (7 


* Praesent Appress 
Research Engineering Div., 
craft Corp., Marietta, Ga 


Military Operations 
Lockheed Air 


designed to satisfy the Gray cavity prin- 
ciple (8). 
pulse amplification and amplitude dis- 


Although our system uses 


crimination against gammas, the pulse- 
height distribution of the dosimeter 
output | 
fects: (1) gamma pile-up, (2) neutron- 
gamma coincidence, and (3) shielding 


altered by three gamma ef- 


of the central-wire region by heavy-ion 
space charge (9, 10). 

With proper over-all gain and dis- 
criminator setting, gamma pile-up can 
beavoided. However, neutron-gamma 
coincidence results in a forward shift of 
the pulse-height distribution along the 
energy axis, thus increasing the dose 
indication above that for fast neutrons 
alone. 
electric field about the detector’s cen- 


The space charge alters the 
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FIG. 2. Effect of gamma fields of 0, 10, 65, 150, and 310 r/hr on neutron integral bias 


curve at anode potentials of |,400-1,900 volts 
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FIG. 1. Effect of 7-r/hr gamma field on 
integral bias curve for Po-Be neutron source 


tral wire and thus lowers the gas ampli- 
fication; intense background radiation 
also decreases the gas amplification of 
12). We 


two effects can be 


proportional counters (11, 
find that the last 
compensated for by selecting a combi- 
nation of anode voltage and over-all 
gain such that the space charge and 
coincidence effects cancel each other. 


Experimental Apparatus 
The detector consists of a cylindrical 


brass case partitioned to form two 
coaxial chambers approximately 4.3 cm 
in diameter and 3.2 cm long, with a 
common central wire 0.5 mil in diam- 


The 


polyethylene sheet 14 in. thick, which 


eter. chambers are lined with 


serves as the recoil-nucleus radiator. 
This liner is sprayed with a thin coat 
of aqua dag to obtain a conducting sur- 
face for the outer electrode, and the 
counter is filled to two atmospheres 
with methane. 

The associated electronic equipment 
is arranged in a conventional manner. 
A Fluke Company high-voltage sup- 
ply model 400B supplies the detector 
anode potential, and the voltage is 
measured at the preamplifier with an 
electrostatic voltmeter. The amplifi- 
cation system consists of a preamplifier 
and linear amplifier? (3), the output of 
which feeds into a pulse-height-integra- 
tor circuit (14). The output of the 
amplifier discriminator feeds into a dec- 
ade scaler, and the amplifier discrimi- 
nator is adjusted so that the slope of 
the input-pulse height vs discriminator- 
dial curve is unity and the intercept is 
zero 
model 204B; 
0.8 psec, 


t Atomic Instrument Co 
0.5 Me bandwidth 


decay time 


risetime * 


5 psec. 
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Two Co® gamma sources, 1 and 70 S b ee A bli 
curies, were used. The dosage from U -miniature ssempiies 
the l-curie source was measured at 
several separation distances with a 
Victoreen Instrument Company con- 
denser r-meter. In measurements in- 
volving the 70-curie source, the various 
intensities were calculated by the 
inverse-square law. Po-Be neutron 


sources were used to supply the neutron S\, Miniature 
: Seienoid Drive 


flux. 
‘ st DAYSTROM INSTRUMENT 
Discussion of Data me " BBRo--¢ produced tiny precision assem- 
at a" - . ~ blies . . . to gigantic gun directors 
Che change in a neutron-producec RP ee 1 fre contre! systems — ail 


Reduction Unit 


integral bias curve as a result of oper- Ai within their modern 350,000 sq. 
ation in a 7-r/hr gamma field is shown (= = wis ft. plant. When you combine 
n Fig. 1. Comparison of the neutrons- : 43333 Daystrom's team of skilled engi- 
only and neutron-and-gamma curves Sub-miniature Circuits neers with efficient production 
My on . gi - —Transistorized Application methods and modern facilities, 
shows that the effects of space charge = you'll understand how Daystrom 
ind neutron-gamma coincidence on the has been able to achieve mass 
production of such products—on 
of approximately 17 volts. The space : time and at low cost—for every 
Phe erent . ' branch of the Armed Forces and 
charge is predominant at higher pulse ; indecivy 
heights and neutron-gamma _ coinci- % 


m 


dence at lower values. In the neutrons- ‘ For the NAVY 
. . . ° 


only curve, the sharp increase below 8 
Radar Fire Control Systems. Mine Detecting 
Devices, Anti-Submarine Attack Directors, 
Catapult Speed Indicators, Servo Control Sys- 
tems, Torpedo Assemblies. 


fate, . . For the AIR FORCE 

Space-Charge Problem ae NT Rasa fiapta = Seaton 
Ordinarily, space charge in a propor- Coe Seesaw cence iattrutteed 

tional counter is negligible. Only in the me 4s 

limited-proportional and G-M regions is : Director allies ... For the ARMY 


the gas amplification factor large enough Mechanical Fire Control Systems, Fures, 
- Cc $s and other instrumen- 


to produce a sufficient number of positive tation for all branches of the Army 


ions to modify the electric field signifi- 
cantly. However, if the primary toniza- Bs Alina . . For INDUSTRY 

Test Equipment, Computing Devices, Radar 
Equipment, Nuctear Equipment, Gyro Mecha- 
nisms, E) © and Electro fh U 


pulse height are equal at a pulse height 








tion is great, then the space-charge effect 





occurs in proportional counters operated 
at low amplification. ; 
The number of positive ions formed Write For Our 
within the tonization radius (distance . Fire Control Facilities Report 
from the counter axis at which field is 
ifficient to permit electrons to acquire 
enough energy between collisions for sec- (peseee Drive 
ondary ionization) is n(A-1), where n is 
the number of electrons reaching the ion- 
ization radius and A 18 the amplification 
factor Because of the slow drift velocity 
of the heavy tons, a positive-ion space- 
charge equilibrium can exist if the time 
rate of primary events is sufficiently 
great. Positive-ion space charge reduces 
the electric field strength in the vicinity 
of the central wire and therefore reduces 
the ionization radius and the gas 
amplification. 
Negative-ion space charge can occur 


by elect ttachment if electr tiv 
citron auac v ra. ate a re DAYSTROM 


gases are present. 


crease in the ionization radius, an in- INSTRUMENT 


crease in the electric field strength close 
to the central wire, and thus a decrease ARCHBALD, PENNA. 


in the amplification factor. Div. of Daystrom, Inc 
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Los Alamos Scientific Laboratory, 
with some of the Western World’s 
finest facilities and equipment, is 
seeking top level scientists and 
engineers desiring to further their 
careers in independent and origi- 
nal research, application and de- 
velopment — 


Excellent opportunities now exist 
at Los Alamos for qualified men 
wishing to further their scientific 
careers. 


The nation’s most important insti- 
tution for the development of 
atomic weapons, offers unlimited 
opportunity for individual growth 
and development. In addition to its 
continuing and ever expanding 
achievement in nuclear weapons 
research, the Laboratory is now 
pioneering in the fascinating fields 
of nuclear power and nuclear 
propulsion, 


The community itself, nestling 
among pines on the lower eastern 
slope of the towering Jemez moun- 
tains, is delightful—an ideal small 
city in which to live and raise a 
family. Direct your inquiry and 
background resume to 


DEPARTMENT OF 


SCIENTIFIC PERSONNEL 
Division 208 


‘alamos 


‘scientific laboratory 


f THE UNIVERSITY OF CALIFORNIA 


los: 


volts is the result of gamma pile-up. 
Curves similar to those of Fig. 1 have 
been obtained when the counter gas was 
continuously flowed. Flowing 
mizes the possibility of the presence of 


mini- 


electronegative gases as a result of con- 
tamination of the counter walls, etc., at 
the time of filling. 

Figure 2 illustrates the behavior of 
integral-bias curves for Po-Be neutrons 
in gamma fields of 0-310 r/hr and with 
anode potentials of 1,400-1,900 volts. 
At 1,400 volts, it appears the neutron- 
gamma coincidence is predominant 
over the space charge effect, except in 
the region of the large pulses. In the 
1,900-volt case, all of the gamma-dis- 
torted neutron 
curve over the entire region of interest 


curves lie below the 
(>10 volts), indicating a marked pre- 
dominance of space charge. The 310- 
r/hr curve reduction in 
pulse height of about 40% for a 50-volt 


indicates a 


initial pulse height. 

If these curves are chosen to be repre 
sentative of the typical counter, then 
gamma pile-up is of no consequence fo! 
operation in fields up to about 30 r/hr. 
However, each of the other two proc- 
esses has a considerable effect on the 
under the curve 
which, as mentioned previously, is the 
quantity measured by the integrator 
It will be noticed that these two effects 
are opposing, and the resultant effect 


area integral-bias 


is thus smaller than either of its com- 
This 
choice of high voltage to optimize the 


ponents. suggests a possible 
cancellation, 

Figure 3 shows the effect of a 100- 
r/hr gamma field on pulse height for a 
high voltage of 1,550 volts. This in- 
formation inferred Fig. 2 
(1,550-volt anode potential) by reading 


was from 
the pulse-height values from the zero 
and 100-r/hr. integral-bias curves for 
The 


intercept 


several values of counting rate. 
straight with 
indicates the macroscopic effects are: 

1. Addition of a 
(equal to the in- 


line nonzero 


constant pulse- 
height increment 
tercept) due to neutron-gamma 
coincidence. 

2. Reduction of the gas amplifica- 
tion by a multiplying factor (equal to 
the slope of the line). This may be 
expressed analytically as 


_ Ay(R,Ao) 


> 4 P.AR)*| 
AV) Ul ah 


P,(Po,R,Ao) 


where Pp» is the initial pulse height 
(R = 0), PAR)* is the mean coinci- 
dence addition (equal to the horizontal 
intercept) and is a function of the 
gamma field R, and P, is the modified 


A o(V) is the initial gas 
amplification factor as a function of 
A,(R,Ao) is the 
actual gas amplification of the detector 


pulse height. 
anode voltage, and 


in the gamma field. 

In Fig. 4, all points correspond to the 
same over-all gain in zero gamma field. 
The over-all gain can be determined on 
a relative basis as the ratio of the inte- 
grator count to the number of pulses 
that trigger the lowest discriminator.* 
This number is one-fourth the height of 
the average pulse accepted by the inte- 
grator The 
measurements is highly dependent on 


circuit. accuracy of the 
the ability to reproduce the same over- 
The 


high voltage at which the curve crosses 


all gain at each high voltage. 
the voltage axis is the best operating 
voltage for a gamma field of 11.3 r/hr. 
The slope of the curve is small in this 
region and decreases as the gamma field 

though 
shift for 


is reduced. Therefore, even 


the critical voltage might 


* A lower discriminator setting of 10 volts 
was used instead of the usual 6-volt level. 
rhe same weighting factor of 4 volts per 
adjusting the 
discriminator so that it would trigger 
at 10 volts 


count was maintained by 


6-volt 











FIG. 3. Effect of 100-r/hr gamma field on 
pulse height for 1,550-volt high voltage; 
Py = pulse height for zero gamma field, 
Py pulse height modified by 100-r/hr 
gamma field 

















FIG. 4. Fractional change in integrator 
counting rate for Po-Be neutrons in gamma 
field of 11.3 r/hr as function of anode 
voltage 


October, 1955 - NUCLEONICS 





values, it is doubtful that 

1% im integrator count 

d be exceeded by using this volt- 
n all gamma fields up to 11.3 r/hr, 

It should be pointed out that the 
ice of the 11.3 r/hr was arbitrary, 
the possibility of operation in 
gher fields is not excluded. One de- 
tor, operated at the optimum high 
tage for 11.3 r/hr, has been used in 
gamma field of 20 r/hr without 


ible gamma effects 


Conclusion 


he static fast-neutron dosimeter 
be operated in high gamma fields 
electing a combination of anode 
tage and over-all gain such that the 
we charge and coincidence effects 
cel each other Positive space 
ve can be reduced by increasing 
imeter of the central wire. If, 
er, the space charge in these 
iters is principally negative, it can 
educed by improved counter con- 
ction and filling procedures. In 
her event. the neutron-gamma coin- 
ence will be present and the afore- 
itioned compensation cannot be 
omplished if the space charge is 
reciably reduced 
{ the data were sufficiently accurate 
the entire range of values to per- 
in isolation of the two effects by 
method of Fig. 3, then the analyti- 
elationship between gas amplifica- 
high voltage, and gamma fields 
be determined and compared 
th the results of previous work (/2 
not the case, however, and the 
ta as such precludes any quantitative 


elation between these variables 


* * * 
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Cloth swatches impregnated with a spot of radioactive dirt 
are tested with standard Nuclear-Chicago instruments, Radio- 
activity in the swatches is measured before and after cleaning 
and comporison establishes cleansing efficiency. 


THIS MAN IS USING RADIOACTIVITY 
TO SEE HOW WELL A WASHER WASHES 


Radioactivity offers an ideal solution to the problem of 
measuring dirt removal. This new technique has found 
wide use in testing washing and dry cleaning machines, 
soaps, detergents and cleaning methods because any type 
or color of fabric may be used, and practically any stain 
may be simulated (grass, grease, milk, perspiration, etc.). 

The test is extremely simple in operation. Swatches 
soiled with the radioactive stain are measured with a 
Geiger counter, washed under the test conditions, and 
then measured once again with the Geiger counter to 
determine how much of the soil has been removed, This 
radioactivity test produces more accurate results than 
any other known method. 


Measuring soil removal is just one of the many new ways 
in which industry, medicine, biological and chemical re- 
search are using the great sensitivity and accuracy of 
radioactivity measuring techniques. Nuclear-Chicago is 
proud of the part it has played in the growth of this new 

field. We will be pleased to receive your in- 
quiries regarding our complete line of radia- 
tion measuring instruments, radio-chemi- 
cals and accessories. 


45 nuclear - chicago 


NUCLEAR INSTRUMENT AND CHEMICAL CORPORATION 
235 West Erie Street, Chicago 10, Illinois 


LEADERS IN MAKING RADIOACTIVITY COUNT 
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FIG. 1. Center tubes 1, 4, 7, and 10 con 
tain Co" capsules in this earth-shielded 
source. Steel pipe about 6-in. diameter 
lines the 7-ft deep hole. Bottom of hole 
is sealed with waterproofed concrete 
Top tube bundle is just long enough to 
reach from lower bundle to desk top 
Bottoms of all tubes are closed with 
hard-soldered brass plugs 


FIG. 2. Top of bottom tubes is 2 in. above 
floor. Concrete platform 30-in. o.d. » 
314-in. thick surrounds tubes. Plate 24-in. 
diameter, with a 7-in. central hole, is 
attached to concrete. Upper battery of 


tubes is contained in 6-in. i.d. steel pipe 
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Design of an Inexpensive 


High-Intensity Gamma Source 


By MILTON BURTON,* J. A. GHORMLEY,* and C. J. HOCHANADEL 1 


All the larger Co® sources intended 
for work in radiation chemistry (1-8) 
the 
curies not being readily changeable and 


are characterized by number of 


by high cost of Co installation. Great 
size is accompanied by great weight 
Usually the more flexible the uses of 
the device, the heavier and more com 
the Rela- 
tively simple devices may be built at 


plicated is construction, 
relatively low cost but have limited 
flexibility either for modification or for 
use. For the type using a lead shield, 
the cost for a 300-c 
range $8,000-$10,000. 


source is in the 


Advantages of New Design 
Design of this Co” source is based on 

experience with an 

is difficult 


to estimate its cost because many of the 


several years of 


underwater source (9), It 
elements were developed by trial. An 
instrument company interested in possi- 
ble marketing of the device estimated a 
sales price of $950 without cobalt. We 
estimate that the cost, if home-made, 
$500 for 


Co is currently 


should not exceed machine 
workt and materials. 
listed at $5/c plus other charges (10) 

Special advantages of this new source 
are: (a) Source is designed so a standard 
shipping container and delivery unit 
can be used for the Co®, This con 
tainer, a rather costly device, is owned 
by the Isotopes Branch of Oak Ridge 
National typical 
shipment, container return from Notre 
ORNL $90.41 b 
Source provides several radiation in 
tensities (on different levels) that diffe: 
In the Notre Dame 
prototype the top level has oo the 
Radiation 


intensity on any one or all three levels 


Laboratory In a 


Dame to cost 


by fixed ratios. 
bottom-level intensity Cc) 


can be changed at any time by buying 
more Co, If a cheaper radioisotope 
becomes available, it can be encapsu 
lated, shipped, handled and inserted in 
Neither of these 


features is characteristic of other pres 


the source as desired 


* Department of Chemistry, University 
of Notre Dame, Notre Dame, Indiana 

t Chemistry Division, Oak Ridge Na 
tional Laboratory, Oak Ridge, Tennessee 

tor the work the following 
equipment was used: band saw, I6- and 
10-in. lathes 
lrill press 


machine 


vertical milling machine, and 


In addition to the 


principal exposure chamber there are a 


ent sources d) 


total of up to 20 different chambers 
that In each chamber 
three different 


Temperature con- 


can be used 


there are radiation-in- 
tensity levels. é) 
trols are easily introduced either in the 
source or around the samples. For 
example, samples can be irradiated in 
Dewar vessels, or in small furnaces. 
(f) Tubes or electrical leads connected 
to external apparatus are easily intro- 
duced with the sample. (g) Samples 
are very readily exposed for a precisely 
known time at a calibrated intensity. 
h) Source assembly is easily and safely 
loaded = with capsules 


The 


container to 


radioisotope 
latter are moved from shipping 


source assembly with a 
minimum of hazard, even by relatively 
inexperienced personnel. (i) Sample 
exposures are virtually without hazard 
But certain precautions must be main- 
tained when making fundamental 
changes in operational features of the 
source, é.g., when increasing the amount 


of Co® on any level 


Source Construction 

The source was designed not merely 
for simplicity in operation and con- 
struction but also with an eye to avail- 
ability of materials within the required 
1) it con- 


tolerances. Essentially (Fig 


sists of a bundle of ‘ telescopic ”’ brass 


tubes drawn to nominal wall 


thickness of ! 


successive oO d s ol at in 


tubes 
32 in., with difference iu 
An uppe1 
bundle provides access for samples and 
sources. The central exposure cham- 


ber is 143{¢ in. o.d. It is surrounded 
whit h “are in 
o.d, 
best 


The 


is inserted in a 


by 12 tubes of 5¢ in. o.d 
turn surrounded by 12 tubes of | in 
For convenience this source is 
located in a basement laboratory 
itself 


7-ft-deep hole in the ground and ex- 


source assembly 


tends about 2 in. above floor level It 
is keyed to the upper battery at tubes 
1, 7, and 10 by a 44-in. overlength of 
the upper tubes and a corresponding 
shortening of the three lower tubes 
Figure 2 is a photograph of the source 
Normally it is 


covered with the brass cover that has a 


ready for operation. 


central hole large enough for tree access 


to the central ‘ xposure hole 
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Soft-soldering the tubing to form a 
ittery is the most difficult part of 
nstruction. After this, the lower 
tube battery is put in the hole in the 
und. The tubes are fixed into 
ertical position and centered in the 
e. To protect against scattered 
uliation the vacant region around the 
tubes may be packed with sand or lead 
We used much of the latter. 
All the tubes are temporarily stoppered 
th rubber stoppers, and fine shot 
obtainable from W. M. Welch Mfg. 
or sand is poured into the empty 
ms. Location lines (extending to 
the outer edge) are now marked on the 
uminum cover of the concrete base 
rounding the top of the hole. These 
iccurately fix the center point of 
ch of the 5¢-in. tubes in relation to 
the center of the exposure hole. Care- 
marking is necessary for proper 
ntroduction of Co ampoules. Brass 
sare used to plug unused tubes (and 
ilso the Co tubes after Co has been 
idded The lower parts of the Co 
les are loaded with 3-in.-long keyed 
ind slotted brass rods. This elevates 
the lowest cobalt capsules. This ar- 
ngement is required by the fact that 
sample carrier (Fig. 3) necessarily 
7 in. of lead at its bottom 
Assembling the source is now com- 
ilete and it is ready for loading. Load- 
ng is performed directly from the 
ORNL shipping container without any 
ossibility of personnel exposure. The 
ontainer is spotted over the hole with 
block and tackle. Guide marks on 
the container are aligned with the 
cation lines on the aluminum cover 
te \ temporary lead-brick barrier 
The safety screw is removed 
the Co capsule, and a long rod 
ided on Discharge hole in the 
then aligned with the con- 
ind the Co capsule pushed 
nto the source tube, and its ke 
ged in the slot in the previously) 
ted brass space! 
e other levels of Co capsules are 
ed in the same manner, after turn- 
the shipping container so another 
ile aligns with the source tube 
ipper tube battery is then put in 
Radiation level above the cen- 
hole is only 8O mr/hr with no 
Actually the lead at the 
ind top of the sample carrie! 
ffectively cut out any radiation 
The sample carrier itself is attached 
tainless-steel rod and the rod 
ched to an airplane cable that ex- 
er two pulleys to a counter- 


rhit On the steel rod are several 
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ELECTRONIC AMPLIFYING 
SWITCHING CIRCUIT 


Both electronic switches and electronic amplifiers are used successfully in com 
puter design. A very unusual circuit, patented by the Ford Instrument Company, 
combines positive switching action with amplification, and is particularly useful 
in such applications as multi-speed servomechanisms, in which several signals are 
to be applied selectively to operate the mechanism. When such a circuit is used 
the inactive signals can be left connected without produc ing any noise whatever 
in the response to the active signal. 

The key to the operation of this circuit is the voltage-doubler circuit consisting 
of diode A and gas tube B. When the signal voltage is below a specified level, gas 
tube B cannot fire and triode C draws a very large current, making the grid of 
tube D at almost ground potential. The cathode voltage of triode D is at a voltage 
B. above ground, thereby effectively cutting tube D off. If the signal voltage is 
above the specified level, gas tube B breaks down, cutting tube C off, thereby per 
mitting tube D to conduct and actuate the servomechanism. The amplification 
produced by tube D, in addition to providing the required signal level at the 
servomechanism, contributes also to the effectiveness of the electronic switching 
and the resultant circuit is more compact and has a higher parts economy than 
produced by the use of a separate switch and amplifies 

Electronic circuitry is but one of the many facets of Ford Instrument design and 
development. Ford Instrument engineers work every day with control systems 
using mec hanics, electronics hydraulics, electro-mechanics magnetics, and atomics 
If you have a problem in automatic control, Ford Instrument stands ready to 


help you 


Visit our Booth #4 at MAN, THE ATOM AND THE FUTURE 
Oct. 19-Nov. 3— Carnegie International Center, New York, N. Y. 


@ FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information 
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This key book, 
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velopment of nu- 
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For here is the 
first reactor engi- 
neering reference 
AEC—a 
tion of the 
of reactor 
unique guide to the problems that 
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electronic and me 
neers work together, as 
in this field, with physicists, mathe 
maticians and eve! 
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from the 
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engineering, and a 
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FIG. 3. Sample carrier is lead shielded at 
top and bottom. Sample length should be 
less than 4 in. (length of active Co capsule). 
For good calibration, sample length should 
be reduced to 2 in. Upper part of carrier 
is threaded to fit lower part at BB 


aluminum collars miact 


They ure 


in pairs and held by Allen screws so 


numbered 
from 4g-1n. stock). arranged 
that they can be moved to any desired 
One stop on the 
that it 


the upward movement a 


position on the rod 


steel rod or cable is fixed so 
interrupts 
it passes over the first pulley, thus pre 
venting the lead plug at the bottom of 
the sample holder (see Fig. 3) from rising 


A slotted 


brass plate inserted between a pair of 


above the top of the hole 


plugs stops the descent when the plate 
reaches the top of the central hole (at 
the desk top) and thus fixes the sampl 
a predete! 


it slotted 


holder and the sample at 
mined position, In addition 
lead shield about 2-in thick 


ameter may be placed oy 


5-in. di 
er the central! 


hole for added safety 


Source Characteristics 
Ne tre 
July 


Dame 
1954 a 


i function of height from the bottom 


the 


source Wis determined in 


Intensity within 


using a 10-ml ferrous-sulfate dosimete 
9 11) 100-« 
\ ield G 


Values assumed were 
Fet* to Fett 


gm 1 93. Figure 4 


15.8 an 


ergs shows the 
plot of r/min for the lower two levels 
The 
about 125 ¢ of Co® on all levels. 


the 


source 1s supposed to contain 


The 


maximum value on lowest level 


about 66,000 r/hr, is to be compared 


with 47,800 r/hr in a 120-e cylindrical 


described by Schwarz and 
Allen (8) 


has not been calibrated; in this proto- 


source 
The third or highest level 
type unit, its intensity was set at about 
‘oo that of the bottom level. So far 
no experiments have been planned re- 
quiring such a low level. Since calibra- 


tion at a low-intensity level is rather 
tedious, it will be deferred until needed. 
els at 


ulnerable points close to the source 


In ordinary use radiation lev 


feet, seat height, and source top) are 


less than 0.2 mr/hr. Thus, the oper- 
itor could not possibly get the maxi- 
mum permissible dose of 300 mr/wk 
This prototype unit is safe, flexible 
n use and modification, convenient to 
devoid ol charac- 


and 


apparently 
that 

inexpensive It is 
that 


operate 


teristics make for trouble 


relatively recom- 


mended to institutions want to 
get into research in the field of radia- 
scientifically 


but at 


tion chemistry (72) in a 


ound and desirable way mini 
mum cost 


* 


1 more extensive ion of this 


deta 
d on 


pape 
ning more on fabrication technig 


iy be obtaine application to any of the 
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The 
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FIG. 4. Calibration curve 
above hole bottom vs radiation level 
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TECHNICAL BRIEFS 


Electronic instrument counts, sizes 
aerosols. A new instrument can size 
particles trom 1 to 64 microns in 
eter into 12 groups at rates up to 

er ser Size measurement is 
ised on the light scattered by the par- 
es onto a photomultiplier; the out- 
it pulse height varies as the square of 
le size and is some 650 usec in 

m. Pulses from the  photo- 

pier are analyzed in a pulse- 
inalyzer to give the particle-size 
bution. The development of the 
loscope was a joint endeavor of 
Armour Research Foundation 
the Chemical Corps Biological 


| poratories 


In-pile cryostat permits low-temper- 


ature irradiation. A helium refriger- 


itor culating cold helium gas through 
stat in vertical hole 12 of the 
graphite reactor will permit 
ons at 20° K with a 300-watt 
The aluminum cryostat has 
<liameter sample chamber. 
sable length inside the heat ex- 
hich will be in the center of 
or, is 18 in. The total length 
vostat is 22 ft; the lower 15 ft 
entirely of 28 aluminum. 
ium refrigerator with a rated 
of 120 watts of heat load was 


and modified for its present 
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REMOTE 
OBSERVATION 
and PHOTOGRAPHY 


a typical solution 
to problems involving... 


© RADIATION 
e HEAT 

* PRESSURE 

e TOXIC GAS 


A Kollmorgen Periscope may be 
the answer to your remote viewing 
and control problem. In most cases a 
scope of standard design and con- 
struction will meet the requirements. 
Where engineering is necessary, we 
are fully equipped to handle any de 
sign or engineering problems. 

If you have a project calling for an 
industrial type periscope or for any 
precision optical system, check with 
Kollmorgen. For nearly half a century, 
we have designed, developed and 
manufactured precision optical prod- 
ucts including Naval Periscopes, Fire 
Control Devices, Projection Lenses and 
Navigational Instruments for Industry 
and for the Armed Services. 


check these advantages 


e True Color 

Sharp Definition and Clarity 
Completely Reliable 
No Operating Cost 
Low Maintenance Cost 
Photo Accessories Available 
Selective Magnification 

Send for Bulletin 301. 


KOLCNORGEN Se, 


CORPORATION 


Plant: 347 King Street, Northampton, Massachusetts 


New York Office: 30 Church Street, New York 7, New York 
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‘NUCLEAR ENGINEERING 


Plote gioss 
a 


4 Cast iron 
4 


J Piote giass / 
f 


Heoavy-oggregate concrete 


SHIELD-WINDOW assembly arrangement allows space in wall recess for two observers 
Part of wall having reduced thickness is made of 270-lb /ft 


and control equipment. 


Plexigios 
4x35x7ft 
24" Oil filler 
Goskets 


24 x18 x4 in. 
~20 «14 x 4in. 
16 x10 x4in. 


Heavy-aggregote concrete 


| 
be 
| 


concrete; sheets of wad are added where even the heavy concrete was too thin 


Windows for Viewing 


Hanford Reactor Face 


By L. T. PEDERSEN 


Engineering Department 
Hanford Atomic Products Operation* 
Richland, Washington 


By means of two windows in the 
Hanford 


operations and maintenance procedures 


shield of a reactor, remote 
involving intricate equipment can be 
SU) it 


bac h 


( omplete 


observed over an area of about 
on the rear face of the reactor 
2-ft-thick 


assembly costs $9,500 


window whose 
gives the same 
protection as 5 ft of ordinary concrete 

As shown in the figure, each window 
neu 


consists of 12 in. of Plexiglas for 


tron shielding and 12 in. of lead silicate 
glass for gamma shielding. The win- 
dow’s characteristics are shown in the 
table. 

The Plexiglas has good light trans 
resolution, and its 8% 


mission and 


hydrogen makes it a good thermal- 
neutron shield. 
thick the 


available, four of them are 


Since sheets 3 in 


were largest commercially 


clamped 
together. To improve the light trans- 
mission by eliminating the reflection at 
the surfaces, clear mineral oil with the 


same refraction index as the Plexiglas 


is placed between the layers Kdge 


gaskets seal each layer. Since the 


*Operated by General Electric Co. for 


the U. 8. Atomic Energy 
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OM Mission 


mineral oil adequately hides internal 
surface defects, only the two outer sur- 
faces were polished extensively. 


The 


silicate glass, 


lead 
light 


6.2-gm/em* density of 


which has good 
transmission for all colors except blue 
makes the glass about half as effective 
as lead for attenuating gamma rays 
The glass had to be made in three sec 

tions because of the limited size of the 


platinum crucible used for melting the 








Characteristics of the Window 


Light 
transmitted 


ingle of 
solution 

incide rice 
sec) 


deq) w// 


17 
47 
15 
44 


24 





lead silicate. A low-reflective coating 


reduces light loss at the surfaces. 
Chromatic aberration, caused by the 
different indices of refraction for vary- 
ing wave lengths or colors, is avoided 
the 


sodium light, which essentially has only 


by illuminating subject with 
one wave length 

Consideration was given to the use 
of distilled 


shielding medium. 


as the transparent 
Distilled water has 


water 


extensively on 

With this 
growth has caused some viewing diffi- 
culty leaks are 
because a partially filled window ex- 
the the 
Since a 10-ft thickness of water would 


been used previous 


installations. type, algae 


and very dangerous 


viewer to radiation. 


DOSES 


be needed, and only a small window 
space was available for observing the 
large area, water was rejected in favor 


of the thinner solid window. 


How Reactor Temperature 


and Power Vary with 


Reactivity and Cooling 


By H. GAUS and R. SCHULTEN 
Maz-Planck-Institut fiir Physik 


(réttingen, West Germany 


For a natural-uranium graphite re 
the 
diffusion theory combined with Fermi 


actor in stationary state, usual 


age theory yields only the spatial shape 


of thermal-neutron flux—and not the 


amount of flux or power. The power 
is determined by the cooling of a sys- 
tem with 
A T’) 
kez/(T") 


temperature and is equal to the reac- 


temperature 7” fixed by 
keg (TT (7 — To), 


1; where k,,; is a function of 


and 


tivity minus the loss due to poisoning, 
control rods, and other neutron absorp- 
tion and leakage 

If these relationships are introduced 
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into the reactor equations, and rela- 
tionships are applied between uranium 
temperature, coolant temperature, 
power, and neutron flux, we get a non- 
linear differential equation to deter- 
the flux of a 
The solution of this equation is approxi- 


mine neutron reactor. 


mated by 
A cos (12/l') Jo(2.405r/R’) 


and A is determined by a variational 


Thus 


method 
T'9)/|(2lje,/l'Fa) 


+ sin (wl/2l’) + RI 
T Lje» ° 
' 
(" \() 


(1 3? ) 
2 20 Darl?) + L2B%) / | 


2(ljc,/UFa) + sin (#l/2l’) 
also get approximate expressions 
the coolant and uranium tempera- 
ture as a function of 7’ and the cooling 
parameters. The maximum tempera- 
ture of the uranium, a value especially 
structural 


important for evaluating 


materials, 1s 


T T’ — To) 


) + sin (5) 


For fluxes that are not too high, we 
also get 
the shape of the flux showing a slight 
shifting to the colder side of the reactor. 

Temperature rise after cooling fail- 


If the power level of an internally 


an approximate solution for 


ure. 
cooled reactor is changed by altering 


reactivity, 6k, its behavior can be de- 


seribed by 

bko + 6k rT )Q 

[ Dit — U)[dQ’) /dt’| dt’ 
AT 


to dQ/dt 


Kk dT /dt 0 


0) is the time when the sta- 
At this time, the 
change is particularly important if an 


where t 
tionary state ends. 
accident causes the cooling system to 
fail and A Then the 


power decreases to zero and the tem- 


becomes zero. 


perature asymptotically approaches it 
limiting value given by 
T—T (1/T) (6k 

+ V (2QoT/E)tacg + (6k)?) 


lo + kesy \ B; ry 


Vol. 13, No. 10 - October, 1955 


Symbols 


reactor heat-transfer coeffi- 
cient 
buckling 
= specific heat 
coolant temperature 
reactor heat capacity 
surface area of a uranium 
lump 
cooling current 
diffusion length 
length of reactor 


l + 26 


The time period of the approximation 
to the end-state is given by 
2avg 
ZtaevgQol 
? 


\ ] (dk)? 


Space-Saving Hot 


By M. C. ATKINS and W. N. LORENTZ* 
Vaterials Laboratory, Wright Air Develop- 
W right-Patterson 


ment Center, Air Force 


Base, Ohio 


West inghouse 
Pittsburgh, Pa 


* PRESEN’ 
Atomic Power Div 


ADDRESS 


ision 


Cell has two 7 


be rolled on tracks through the back wall to give a7 


reactor powel! 

radius of reactor 

R+ 6 

uranium temperature 
temperature in stationary 
state 

lifetime of a thermal neutron 
heat-transfer coefficient 
fraction of delayed neutrons 
temperature coefficient of 
reactivity 

reflector saving 
reactivity, that is, 
sated by ['7'y 


The additional temperature rise caused 
by the delayed 8- and y-rays must be 


considered separately.* 


calculation Ce 


1054). 


*For details on these 
Z. Naturforsch, 9a, pp. 964 and 1039 | 


Cell 


Saving ol space was @& primary Ccon- 
sideration in the design of a general- 
purpose hot cell being built for radio- 
chemistry, metallurgical work, or Co 
irradiation experiments. The cell can 
be built in one end of an existing room 


7'4-ft chambers divided by a steel and magnetite partition, which can 


18-ft chamber. Three walls of 


hot cell are formed by existing walls of room with 33 in. extra concrete around outside. 
Operating face and plug-type access doors (although not shown here, doors are stepped) 
consist of steel forms containing 36 in.of packed magnetite ore; top shielding is provided 
by 18 in. of magnetite packed between existing concrete roof slabs and a suspended steel 


piate. 
inside surfaces of the cell are of steel 


Magnetite-in-steel-forms construction gives great flexibility at low cost. 


All 


19 





doors are in the 


than at the 


the 


face 


because acces 


operating rather 
rear of the cell 

As shown in the figure, each of the 
two chambers has a window and a pair 
of ANL Model-S master 
lators 


Kach chamber can 


lave manipu 


mounted in its access door 
hield 


stacking 12 in 


1.500 curies 
for cobalt irradiation 
of concrete block around the outside of 
the wall increases the cell’s capacity to 
20,000 curies. Total cost of the cell 
which is scheduled for completion by 
December 1, 1955, will be $120,000, not 
including the manipulators 
Windows. From th 
the zine-bromicde 


l-in. nonbrowning glas 


inside out 


window consist ol 
d6-in. opti il 
grade zine bromide solution, |-in. pol 
o-in, 6 densit 


ished plate glass, and 


lead glass. Periscopes easily can be in 
stalled in through-tubes in the doors 
the tubes now are filled with magnetit 
and capped 

traveling-bridge 


Crane. A_  2-ton 


crane serves both compartments and 


is controlled from the operating face 
The space between the top of the part 
tion and the steel ceiling is filled by one 
of two steel slabs rolling on the sam 
The slabs 


level as the crane. whicl 


are connected rigidly a chamber length 


apart, are moved by the bridge motor 
so that one slab always will be over the 
the crane is in eithe 


partition when 


chamber. 
Utilities. 
the cell are water, demineralized wate 


Permanently installed 


gas, air, and spare pipes, and four type 


of electric power, In each chamber 


Graphical Method Speeds 
Production Scheduling of Radioisotopes 


through-tubes with spiral-grooved 
aluminum plugs permit quick installa- 
tion of additional facilities and control 
The cell also has a CO; fire-extin- 


guisher system and a remote radiation- 


lines 


monitoring system 
Storage. 


provide for storage 


Two facilities in the cell 

4 10-curie sample 
each of the 
the vault in 
High-activity 
can be stored in a 
\7-ft-deep water-filled well in the left 
cell 


teel shell and is provided with a circu- 


twelve 
the 
items, 


can be stored in 


horizontal tubes in 


right-cell wall 


uch as Co” sources, 


The well has a type-347 stainless- 


lating pump water deionize: and an 


electrically operated elevator. 
» > . 
Detail designed by R. V. 
Detroit Vich.; dé yn 
G. BE. Parke 


Harty Co 


Ine., 
project engineer 


1a 


By A. D. ROSSIN, C. J. BILLERBECK, W. S. DELICATE, A. W. WENDLING, A. S. HOFFMAN, and R. C. REID 


Massachusetts Inatitute of Technology 


Engineering Practice School, 


ah Ridae  Tenne 
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GRAPH for determining weekly production of phosphorus-32 at 12 locations in hole 16 
To use the graph: locate on the abscissa the 
activity of a can at time of placement (zero for a fresh can); project vertically to the line 
for the can position; project the intersection to the ordinate to get the activity in the can 


of the Oak Ridge Graphite Reactor 


after 1 week irradiation at that position 
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An economical process for producing 
I idiolsotopes in a reactor requires care- 


ful planning. Reactor space must be 
used as efficiently as possible and still 
obtain a product in which the concen- 
the desired high 


that it 


tration ol isotope is 


enough so may he separated 


the untransformed 


graphical 


irom remaining 


material without excessive cost 
irticle 


method for determining the activity of 


presents a simple 


material at stage of a 
The 


mitations imposed by 


irradiated any 


production eyele results ob- 
tained and the li 
the separation process may be used to 
determine optimum scheduling 


In ih batch 


quantities or par 


small 


feed 


irradiation process 
Kets ol sl 
material are put into a beam hole dur- 
hutdown and product 
the 


flux is 


ing each reactor 


cans are removed trom region of 


the hole where the highest 


Meanwhile, the in the 
moved toward the highest-flux 


remaining cans 
hole are 
region so as to allow activity to be built 
up Since the rate at which the radio- 
decays 1s proportional to its 


the highest net 
il packets are 


isotope 
rate ol 
fed 
However 


concentration 
production occur 
through the pile rapidly 
thus obtained is so 


the 


the concentration 
ow that the 


equipment become 
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load on processing 


An eco 
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mie balance must be reached with 
me lower production rate that yields 
packets of such concentration that the 
separating equipment can handle them. 
The method. An actual case best 
istrates the method. Reactor shut- 
own times and fast-flux levels used 
here are based on the ORNL Graphite 
Reactor, but with only slight modifica- 
tion, the method is applicable to other 
reactors Production of P**, formed 
the reaction S**(n,p)P**, uses neu- 
ons having energies over 2.29 Mev. 
ins of sulfur are fed into and removed 
om the beam hole during shutdown; 
n the case considered here, there is a 
<imum of 12 cans in the hole at any 
ne time. These cans extend from the 
suter core boundary to slightly beyond 
he core center 
The net rate of production of P* 
itoms in the reactor depends on the 
lifference between the rate at which 
P*? atoms are formed by neutron inter- 
iction with sulfur atoms and the rate 
it which P*®? atoms decay (by beta 


on) tos The net rate is 
dN /dt ong VA (1) 


here N is the concentration of P* 
ns present at time t, @ is the fast- 
eutron flux (4, > 2.29 Mev), n is the 
oncentration of sulfur atoms, @ is the 
SCODL cross section tor the 
S"(n,p)P* reaction, and A is the decay 
tant for P The factors o and A 
constants in Eq. 1, n may be as- 
imed constant, but @ is a function of 
position of the sulfur in the reactor 
However, since there is no continuous 
einent of cans through the reactor 

iav be considered constant over the 

of irradiation when a can remains 

ngle position in the reactor With 
mitation, iq. 1 may be integrated 


.) 


ubseript L indicates that the first 
sa constant only at the one posi 
L in the reactor V is directly pro- 
tional to the activity in curies per 


Write today for our free cata- 


can be seen from the definition 


log. It’s yours for the asking... 


atoms/em*)(1,200 em*/can) 
s/atom,/ day) /(86,400 


3.7 * 10" decays/curie 


10°'* N curtes/ean (3) INSTRUMENTS DIVISION 


ov cans used at ORNL, are The Victoreen Instrument Co 
eter and 13 in. long ach 
it 1,200 cm’ of elemental 5806 HOUGH AVE. * CLEVELAND 3, OHIO 
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Equations 2 and 3 may be combined to 
yield 


C = 1,82 x 10°" pna/)1 | é 
+ ge 


For the case under discussion 


since 
the reactor is only opened once a week 
cans can be moved only at weekly inte: 
vals, hence ¢ can be taken as 7 da 
A = 0.0485 days a 
em?*, n 0.389 &* 10 


Thus, Eq 


0.028 «x 10 
atoms of sulfur 


per em,’ 1 can be written 


C = 0,288 (1.82 K 10°" & 1940 ¢,) 


+ 0.712 C9 (5) 


Caleulation of C requires information 
regarding the fast flux, @,, as a function 
of position. This 
experimentally 


was obtained by 


measuring the con 
version of S* to P® at 
in the hole 
are shown in the table 


various points 


irradiation The results 

By using the data in the table to ob 
tain @, in Eq. 5, the 
after an irradiation time of 1 week can 


curies per can 
initial 
curies/can and reactor position. Hach 
of the 12 lines in the figure is a plot of 
hq. § for one of the 12 can positions 
used, with the 
line reveals the concentration obtain 


be expressed as a function ofl 


1D deg 


Its intercept 


able if the can were irradiated at that 





Fast-Flux Distribution in Hole 16 of 
ORNL Graphite Reactor 


Distance from 
Can PL south face 


(10'°n/cem*/sec (ft 


position 


oof & DHS OC 
—-noaO Se D1 = 


tS WM Ww W& & & & tw 


oo 





position for an infinite period of time 
the rate of production then being equal 
to the rate of decay 

Example. 
the figure, consider the present produc- 


To illustrate the use of 
tion schedule, During shutdown, four 
sulfur cans are loaded into the reactor 
beam hole and left there for 2 weeks. 
They initially occupy can positions 1, 
2, & After 1} 


and 4, respectively 


week, the activity in can 3, for exam- 
ple, increases from zero to 0.27 curies 
Ci 0 at 


succeeding week 


position 3). During the 


the can remains at 
the 


ecuries (C 


activity 


().27) 


3 and 


().27 


position increases 
to 0.46 


At the next shutdown period, 


irom 

curies, 
four new cans are inserted, and the can 
considered above moves up four posi- 
tions to position 7, where it remains for 
For Cy 0.46, a 


can at position 7 for a week increases in 


another 2 weeks 


activity to 0.83 curies. The graphical 
the 


which now has 


calculation is repeated for next 
week and then the can 
an activity of 1.10 curies, is moved up 
four more positions. It then remains 
at position 11 for 2 weeks as its activity 
Likewise, the 


cans originally inserted in positions 1, 


increases to 1.66 cures. 


removed from the reactor 
1.53, and 1.78 
The sum of the 


2, and 4 are 
with activities of 1.35 
curles, respectively 
activities of the four cans equals 6.32 
curies, which represents the production 
of P* for the beam hole in a 2-week 
period 
Other 
may be calculated as functions of the 
fed and 


processed per week to obtain the de- 


product activities similarly 


must be 


number of cans that 


sired radioisotope-production rate 
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FIG. 1. Flux depression (F), total pertur- 
bation (f), and average attenuation in 
sample (Y) as a function of average num- 
ber of relaxation lengths in a path length 
through sample (b,,..). Curve f is fitted to 
experimental points from samples in table 





FIG. 2. Flux depression (F), total pertur- 
bation (f), and average attenuation in 
sample (Y) as a function of “greyness” of 
sample (a) 


Flux Perturbations by 


Material Under Irradiation 


By WM. BRADLEY LEWIS 


Phillips Petroleum Co 
Idaho Falls, Idaho 


method can be 
the effective flux 
throughout a sample in a reactor be 


A semi-empirical 


used to determine 


cause the perturbation factor is a func- 
tion of the ratio of average chord to 
relaxation length. The justification of 
the method 


have proved applicable and useful to a 


lies in the results, which 
high degree. Data were gathered at 
the Materials Testing Reactor (NU, 
April ’54, p. 20), and the results apply 
strictly to the MTR. But 

could be obtained for 


similar 
curves other 
reactors, 

Material irradiated in a neutron at- 
mosphere absorbs neutrons at a rate 
proportional to the neutron flux. To 
calculate this 


known at 


must be 
each small element of the 
This differs 


would exist if the 


rate, the flux 


sample’s volume flux 
from the flux that 
absorptive material were absent 

The sample perturbs the flux by: (a) 
attenuating it inward from the surface 
and (b 


Attenuation results 


of the sample depressing it 
near the sample 
from progressive absorption of neu- 
they 


Depression is 


that 


penetrate the sample. 
the 


existence 


trons as 


caused by flux 


gradient comes into 


when a neutron sink is introduced into 
the neutron field 
The treatment 


usual analytical 
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nvolving the diffusion equation pre- 
supposes symmetry and boundary con- 
litions that are not even roughly ap- 
proximated in practical situations. So 
this attack has been abandoned in 


or of a semi-empirical approach 


Development 

Two rigorous equations describe the 
rate at which neutrons are captured by 
1 sample in terms of physical and 
geometric parameters. One may be 


termed the ‘‘surface equation” 
L = Pavel OS/4 (1) 
ind the other, the ‘‘ volume equation”’ 
z=foV/r (2) 


In general, it is not possible to cal- 
culate Pav>. The quantity p(b) is a 
function of the path length through 
the sample. This length is a function 

four parameters, two of which are 
required to locate a surface element in 
terms of arbitrary surface coordinates, 
ind two of which are required to deter- 


Symbols 


1 atomic weight of sample 

b = L/X = number of relaxation 
lengths in distance L 
ratio of effective flux to unper- 
turbed flux at sample’s surface 
experimentally determined 
factor to make Eq. 2 rigorous 
path length through sample 
[p(b)\aeg = average probabil- 
ity of capture 
probability of capture along a 
path whose length is Ab 
surface area of sample 
weighted average of u taken 
over all paths through sample; 
weighting factor is cosine of 
angle between path and nor- 
mal to surface at point of 
entry 
volume of sample 
rate of neutron capture by 
sample 
/bavg = average attenuation 
in sample 
fraction of graphite surface 
covered by cobalt 
D(Davg 1 — e~bers proba- 
bility of capture along path 
whose length is L,,., DavgA 
Vaop/A)~' = relaxation length 
for sample material 
density of sample 
absorptive cross section of 
sample 
unperturbed value of neutron 
flux 
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For BARCO 


Atomic BALL JOINTS 
Energy Plant 


Construction 
— Land or Sea 


NO METAL- 
TO - METAL 
CONTACT 


THT 


MOVES IN 
ANY 
DIRECTION 


How Barco Ball Joints 
Can Help You- 


HERE are many uses for Barco Ball Joints in the construction ot new 
Atomic Energy Power Plants. These joints allow for movement, 


flexibility, expansion, and contraction in piping. They also provide insula- 
ting barriers (non-conductive gaskets) to prevent electrolytic corrosion. 
CONSIDER THESE USES: 
1. In all piping of a nuclear power plant to provide for contraction caused by large 
thermal! shock that occurs at shut down. 


2. In fuel element reprocessing plants — at vessel entrance and exit lines to absorb 
thermal expansion. 


. In inter-ties between vessels to allow using only one pumping station for 
transfers between many vessels. Use Barco Ball Joints to make flexible swing 
lines 


As insulating connectors between dissimilar metals to prevent electrolysis, 
corrosion, and pitting. 


Build for long life with Barco Ball Joints! Sizes from 4" to 12"; angle or 
straight; screwed, flange, or welding ends. Engineering counsel and 
recommendations on request. 


BARCO Manufacturing Co: 


567M Hough Street Barrington, Iilinois 
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mine the direction of the path relative 
: . arbi. Data for Various Samples Irradiated in MTR 


tical 


to the surface element. For an 
trary shaped surface 
expression for the average 
not be evaluated 

As an approximation we 


the anal 


Le noth 


Sample (in.) in 


Diameter 


ol Pp 4) can Ny 
, 


will sub [1245 O50 050 
188 176 
040 040 
040 040 
295 262 
020 0126 
040 0257 
119 
186 124 
OLUY 


stitute a for puy»,, where a is the proba- ‘ l 
bility of capture  alorg@* the utero 
path Pa j 


Lave = 4V/8 3) 


nat 


90 te 


30 

960 
854 
654 
537 
920 
887 
613 
530 


x 


This expression is derived from genera] 

ymetrici considerations and holds for 
arbitrary shapes. 
linbit gonsideration to surfaces pierced 
in no more than two points by an arbi 
trary straight line. 


O79 


However, we will 


040 0397 
0.119 
0.186 25 136 


0961 


NN SS 73 7 $5] *J) =] 9) 


To return to the desired probability 
the expression 


p(b) | r j 


gives the probability that a neutron is 
captured in traversing 
length is L = Ab. 

We have approximated 
Actually, 


iu path whose 


pP by a 


Pava < P( Davy) a | eo (5 


The two quantities are equal when 
bavg is zero, and both p., and @ ap 
proach unity as b,,, 
The approximation is good throughout 
the range of Dyyp. 
be derived from the 
equality that the geometric mean does 
not exceed the arithmett 

So from Eq. 1, it follows that 


he omes large 


The inequality can 


well-known in 


mean 


x (S 1) Po lb ‘ S/d)ak’ 6 


and from Eqs. 6 and 2 it follows that 
(f FP) (S/4)(A/ 1} Pa Pa h 
a/b ) 


The symbol ) ntroduced 


convenience 


Discussion 


It now 
values of f or F; in most « 


remains to determine the 
ses f will be 
found, Samples of known dimensions 
irradiated in 
flux 


determined 


and compositions are 
regions of known 


The amount of product is 


unperturbed 
experimentally, and f is determined 
directly from Eq. 2 

Since the 


averaging 4 


parameter 6} involve 

ver the 
d that 
shape and symmetry factors would be 


path length « 


sample, it might be expecte 


eliminated and that b,., would be the 


significant parameter lo what ex 


tent this is so is shown in Fig. | where 
the curve f is fitted to the experimental 
points obtained from samples of various 
shapes and sizes as shown in the table 


Along with f are plotted the theo 
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but large compared to diameter 





retical curve Y, and the derived curve 
F. The Y-curve serves as a helpful 
guide as the f-curve must lie below it 


and the F-curve above it Soth Y and 


f vanish for bay, infinite; F approaches 


& nonvanishing positive quantity 
These are aids in extrapolating beyond 
the range of data. 

The vanishing of f for infinite values 
of b Unless f 


wg 18 implied in Eq. 2 
the capture rate would be 


vanishes, 
the nonvan- 
As b, 


, approaches unity 


come infinite, Similarly 
ishing of F follows from Eq. | 
becomes infinite, p, 
and the rate does not vanish; so F can 
not vanish 

The 


quantities is now clear; a 


physical significance of the 


which is ver 


nearly equal to p, measures the 


‘“‘greyness’’ of the sample For a pel 


lect 


unity; 


absorbet or black sample a is 
for a perfectly transparent sam 
The symbol F measures 


the 


ple, a is zero, 
the flux depression; f measures 
Thus } 


ure of the average attenuation in th 


total perturbation. is a men 
sample 
this discussion it ha 


assumed that 


Throughout 
been tacitly there is no 
between the sample and 


A direct implica 
tion of this assumption 1s that as the 


coupling” 


the neutron source 


greyness of the sample is increased, the 
rate of capture of neutrons continual! 
increases. In other words, there can 
be no extremum in the rate of capture 
This implies that the product af is 
monotonely This 


dF da a 


increasing with a 
can be true only if F(1) 
which makes F(1) > 1/2 


hese conditions, viz: that the func- 


aF(a) is monotonely 
that F(1) 1/2, set 
limits on the shape of the F vs @ curve. 
value of F(1) 
with the experimental data is F(1) 
0.6, 


tion increasing, 


and fairly rigid 


The smallest consistent 
This determines the shape of the 
F-curve, and hence the f-curve, very 
the 


closely. Figure 2 shows three 


curves plotted against a. 


Application 

Since the data points were all based 
on samples of simple geometric shapes, 
an example will be chosen that extends 
the method to a 
geometry. An 


complicated 
cobalt disks 


2 em diameter and | mm thick are set 


fairly 


array of 


on opposite laces ol a square graphite 
prism 

Analysis is based on the simple and 
that i) the 


disk’s two faces are ¢ xposed to different 


reasonable assumptions 
an outer flux @, and an inner 
the 
neutrons that enter the graphite 


fluxes 


flux o; (b inner flux consists of 


hon- 
absorptive medium) directly, plus 
those that : 


the cobalt disks 


ire attenuated by tra 
Thus 


versing 


» 
ay 2) 


oF (1 a 9) 


We shall use this value of effective 
flux in kg | 
activity of the cobalt 


tween disks of the assembly 


to calculate the specific 
Interaction be- 
other than 
those here considered, is assumed to 
be negligible 

For 
em, L 


j 1/3 wd*?/4Ad 
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O.181S em b 


this arra\ we 
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of disk 2.75 grams, a = 0.425, 
0.90, ¢ 1.67 K 10° sec. 
Since each capture produces 1 atom 
Co®, we have n S/dA)aF — 
ay /2)0t(0.864 * 10"), where ¢ is time 
lays, and @ X 10'*is neutron flux in 
neutron em? sec~!, Disintegrations 
second are n(in 2/ty 1.15 & 
Thus, the total curies is A 
10-°/3.7 & 10!) 1.12 x 
ind the specific activity 
A/2.75) curies/gram. So, a 
0.0970¢0t 
For the sample taken, $f 287; 
the measured specific activity was 
gm moO we compare the caleu- 
ited a of 28 c/gm with the measured a 
}1 c/gm, and conclude that, in view 
the inherent errors in the assumed 
ies for flux, the agreement is 


elient. 


Experimental Data 

Che actual activities in the table were 

letermined by a number of means 
ples 1 and 2 by fission-product 
ilysis; samples 5, 15, 16 by compari- 
with a standard cobalt source; 
" 1, 6-13 were measured by 
tandard counting techniques; sample 
t was analysed by observing the rate 
production of fission heat. The 
source of error in determining f 
in the assumed value of the unper- 
bed flux Although extensive flux 
easurements have been made in the 
ITR. there have been only a few in- 
et measurements of nvt (flux aver- 

er an extended time interval 
probable accuracy of the values 


ibout +209 


REACTOR FACTS 
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Highly enriched fuel element made by 
Sylvania for Brookhaven consists of three 
strips of U-in-Al sandwich, bent at 60 deg., 
and held by 2.5-in.-diameter rings at each 


end 


enriched | » rather 

as fuel in the Brook- 

research reactor will up the 
> x 10*°° n/em*/sec from its 
10" Openness of de- 


ure above) will cut power 
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RADIOACTIVITY 


exciting spot 


It’s a matter of inevitability! 

The immediately foreseeable future in the field of 
nucleonics and nuclear power development adds up to 
one of the greatest opportunities in the world today 
for creative engineering ability. 

Do you know what's happening in that field at 
Martin? 

If not, you may be missing a great opportunity to 
get in at the commencement of an immense future, 
with one of the most dynamic engineering team 
operations in the whole new world of nuclear power 
research and development. 

Contact J. M. Hollyday, Dept. N-10, The Martin 


Company, Baltimore 3, Maryland. 





AT LAST! 
Operating voltages down to 4oo v. 


British quality. 


HIGH STABILITY 

STANDARDISED CHARACTERISTICS 
RUGGED CONSTRUCTION 

WIDE TEMPERATURE RANGE 
INDEFINITELY LONG COUNT LIFE 
YEARS OF SHELF LIFE 


PROVED RELIABILITY 


Send to-day for full details Mulla ce | 


OVERSEAS LIMITED Registered 
Trade Mark 


of Mullard 


X-RAY DIVISION a 


NEW ROAD + MITCHAM JUNCTION + SURREY - ENGLAND 


(ME475) 


In MAGNETICS. . 


HERE’S WHY: 

Reads 10 to 30,000 Gauss Flux Fields 

Probe is only .025” thick 

Active area .01 square inches 

Net Weight 10-1/2 Ibs. ~~ ee ee” 

Power Supply 105-125 Volts, 50-60 Cycle 

Overall size 13” high, 10-1/2” wide, 6-3/4” deep 
Precision built to give accurate flux density measurement and determine 
“flow” direction. The unit also locates and measures “stray fields,” plots 
variations in strength, and is ideal for checking production lots against 
a standard. Simple to operate, the D-79 gives no ballistic reading . . . 
doesn’t jerk or pull. Comes in protective carrying case. 


Write for literature—Dept, N-1055 


1075 STEWART AVE 


D YNA -F MPIRE Inc ma one "at 


needed for pumping the air coolant 
to 1,000 kw, rather than 5,000 kw now 
needed. Power level at the higher 
flux will be 20 Mw, compared to 
present 30 Mw About 50 kg of 
U**®, distributed over the same number 
of fuel channels as now used, will be 
required, 

The fuel elements under develop- 
ment (UN Geneva conference paper 
S60) are fabricated from MTR-type 
fuel plates. Each plate will be 2.25-in. 
wide by 24-in. long by 0.060 to 0.080-in 
thick, and will contain only 3 to 4 
grams of U**® imbedded in an alumi- 
num matrix and clad with aluminum. 
These plates are bent into a 60 degree 
angle. There will be eight fuel ele- 
ments in each fuel channel, for a total 
of about 5,000. 

Although MTR-type fuel plates 
have never been operated in other 
than a water-coolant medium at low 
temperatures, the tests, so far, indicate 
that they can be used with air cooling 
at much higher temperatures with 
good service life and high burnout. 
Failures are expected to be much less 
frequent than with the solid rod, 
natural-uranium fuel elements. In 
fact, the whole operation of the 
Brookhaven reactor will be much 
simpler when the reloading has been 
accomplished 

The change of fuel will have a 
marked effect on all the neutron- 
physies aspects of the reactor. This 
is due to the removal of the U**, 
which represents a very great poison 
in the core. The neutron generation 
time, at present about 1.5 milliseconds, 
will be about 6 milliseconds. This 
means that every poison will have a 
larger reactivity effect than now, and 
that the response to excess reactivity 
will be: more sluggish. The control 
rods will represent about 14.8% in 
excess reactivity in contrast to the 
1.3% with the present loading. The 
shield will require no modifications to 
take care of the increased flux. 

Fuel elements now in use are made 
of 1.1-in. diameter U slugs inside a 
finned aluminum tube, 11.5 ft long, 
with 2.37-in. fin-tip to fin-tip diameter. 
Slugs are each 4-in. long A system 
of helium pressure monitoring guards 
against undetected failure of the 


aluminum jacket. 


Modification of MTR fuel elements 
has improved performance. R. L. 
Doan and J. R. Huffman of Phillips 
Petroleum Co., operator of the Mate- 
rials Testing Reactor for AEC, de- 


scribed at Geneva how relatively small 
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changes to MTR’s fuel elements have 
mproved the reactor’s performance 
Fuel is highly enriched uranium in 
3 & 24-in. (approx.) plates of alumi- f z 
i1um-clad Al-U alloy in assemblies of : K.4 and K.5 
iS or 19 vertical plates. Cooling , 
vater flows between the plates. As- Perrys re 
emblies can be loaded in any lattice - 
configuration up to a 5X9 array THE VERSATILE 
\ 3X9 array usually is used; a 


x8 ary gives hisher activity FAST AND HIGHLY ACCURATE 


or a given uranium content, but 


sar fewer beam holes with high PRECISION BALANCES 


For the first 30-Mw operation, the 
reactor contained 23 fuel assemblies 
ind four fuel-shim rods in a 3 X 9 
onfiguration. The fuel assemblies 


each contained 140 gm U**® and shim ; 
rods contained 110 gm U**® each Every single feature of these 


tive mass = 3,660 gm U***). Rods precision balances has been 
itiall ‘re t Hle g . . 
nitially were withdrawn only | ib6 in designed for fast, precise and 
Charge No. 1 produced 376 Mwd x 
easy operation. 


1 


12!5 days at full power) and average 

fuel burnup was about 13%. Weighings can be made on 
Later, to get higher reactivity, fuel 

contents of fuel assemblies and shim the unobstructed pan on top of 

rods were increased 20% (168 gm the instrument, or on a pan 


ind 132 gm, respectively); these gave suspended below. 
740 Mwd and burnup of 21%. . 
Another small reactivity increase Weights of one and two 


was gained by reducing the thickness kilos are built into the K-4 
of the fuel-assembly side plates from balance and are handled by 
¢ In. to 44 In 
Since May, 1954, the fuel content control knobs. The clearly pro- ' 
of each assembly has been 200 gm jected optical scale has a range of 1000 grams with scale 
and a 3-week cycle has been used divisions of 1 gram (easily readable to 0.2 g). A very ef- 
thout 40% b »), , 7 : P 5 ae 
mnt ee rea <a fective magnetic damping system permits weighings to be 
ese changes and others invo ig . . 
fting location of elémnesiie at each completed in 3 to 5 seconds. Capacity of the K-4 balance: 
oading have decreased changes of fuel 4000 grams. 


elements and shim rods from original : : 
6 end 1 per 100 Med te. 15 anf 61 Model K-5 has a capacity of 2000 grams, one mechanical, 
5 i A, 


espectively built-in weight of 1000 g and an optical scale of 1000 


grams. (Illustrated) 


Sodium-graphite reactors show prom- 
ise. Chauncey Starr of North Ameri- 
can Aviation, in speaking at Geneva of 
the Sodium Graphite Reactor said 
that if he uses Th-U2** he’ll get 100 Mw To the right: illustration of mechanical 


ver, 0.9 conversion ratio, $265/kw and optical weight-reading scale—6/10 
id &.5-9.5 mills/kwh power (with of actual size-——showing a reading of 
[ costing $15-30/gm). In the fu- 745.2 grams. 
ture, if they can get Th temperature of 
00° F, then they'll get 650° F Na 
temperature, 125 Mw power, >0.9 
mversion ratio, $200/kw, and 6-7 @ Write today for full details. © 
mills/kw power. 
Starr was asked whether they'd 
nsidered using unclad uranium ele- 
ments. He said, not really, but that 
they planned to study this with SRE 
\pparently, it may be quite possible 
‘ui itesirable eeonomieally) to use INSTRUMENT CORPORATION 
clad fuel with Na as coolant Both 


1 and U have to be very pure so that HIGHTSTOWN, N. J. 
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ENGINEERING SAMPLE =" 
Status of LMFR. In a paper pre- 
sented at Geneva, F. T. Miles and 


Clarke Williams of Brookhaven Na- 
tional Laboratory said that most of 
the basic chemical and metallurgy 
problems of liquid-metal-fuel reactors 


‘ A have been solved Many small loops 
To help engineers working on gamma-ray o1 ™ . 
X-ray shielding problems become familiar __ 
with the excellent properties of Carboloy® 
Hevimet, we are offering engineering 
samples to qualified individuals. 
Hevimet is particularly efficient for shield- 
CARBOLOY HEVIMET ing such high-energy sources as Cobalt ‘ng developments have been started 
ENGINEERING SAMPLE 7 


(actual size 


ve been operated outside of neu- 
tron radiation fields Presently, one 
chemical processing loop is being 
operated at a flux of 10’ n/cm?/sec 


in the Brookhaven reactor E-engineer- 


Iridium!®*, and 2-3 mev. X-ray units. Hevi- on pumps, heat exchangers, and 
Bimensions: met’s half-layer value for Co“ is 0.334 | chemical-processing columns. Expo- 
ye" x Vo" x 1” inches — about two thirds the thickness nential assemblies of uranium, bis- 
Density: required for lead muth, and graphite will be made 
16.9-17.2 gms cm3 This tungsten-nickel-copper alloy is as 
oye —s lead’s strong as worked low-carbon steel, and 
Stine valve twice as corrosion-resistant as 18-8 stainless 
0.334 inches steel. It machines like gray cast iron. 
(40% more efficient To obtain your engineering sample of 
than lead) Carboloy Hevimet, write today, on you 
company letterhead. 


beginning sometime in 1956. It is 
planned to push the testing of the 
various large-scale components 80 that 
in late 1957 or 1958 construction can 
start on some form of experimental or 
prototype reactor If it were con- 


sidered desirable to operate such a 


reactor as ai UU? burner without 

CARBOLOY breeding, it might be possible to 

DEPARTMENT OF GENERAL ELECTRIC COMPANY hieve reasonably significant powe1 

11130 E. 8 Mile Ave., Detroit 32, Michigan levels, 10 to 50 Mw, at that time 

“Carboloy” is the trademark for products of the Carboloy Department of General Electric Company However, to achieve large-scale plants 
CARBOLOY CREATED-METALS FOR INDUSTRIAL PROGRESS with breeding ratio approaching | it 
will take several years after the opera- 


tion of the reactor experiment that 


is, sometime in the early 1960's 


HANDLE HIGH VOLTAGES 
AT MODERATE POWER... 


RESISTANCE VALUES TO 
1 MILLION MEGOHMS 





RPC’s High Voltage Resistors are stable, compact units, with 

minimum aging and humidity effects. TYPE B, from | to 6% 

inches long, can be mounted on a panel and assembled to form 

tapped or matched pairs. TYPE D, from 64 to 18 inches long, 
can be supplied with silver bands, termi- 
nal lugs or ferrules, 


For special assemblies, Corona problems or 
special sizes, free consultation is available. 


The Editor 
Resistance PropuctsCo. =)" | NUCLEONICS 


914 South 13th St. * Harrisburg, Penna. require- 330 W. 42nd St. 
Baste of Resistors —Hich Megat, High Voltage, High Frequency, Praciion Wire Weved. = ™°""5 '0 1 New York 36, N.Y. 
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TECHNICAL ADVANCES 


Einsteinium, Fermium In December, 1953, when UCRL and Argonne 
From H-Bomb Debris radiochemists announced the production of ele- 

ments 99 and 100 in the high neutron flux of the 
MTR they noted that there was earlier unpublished information on those ele- 
ments and hence that the question of priority should not be prejudged. The 
mystery is cleared up with declassification of the fact that elements 99 and 100 
vere identified in bomb debris from the November, 1952 thermonuclear explo- 

n Mike” test). The discovery was through a cooperative effort of UCRL, 
Argonne, and Los Alamos groups using ion-exchange techniques for separation 
f the actinides. They suggest the names einsteinium (symbol E) for element 

99 and fermium (Fm) for element 100 after Albert Einstein and Enrico Fermi, 
respectively. 

Isotopic assignments made for the elements have been confirmed by the 
ibsequent MTR irradiations. Fm?’ emits a 7.1-Mevy alpha with 16-hr half- 
fe It is produced from beta decay of 30-d E*®°, itself a descendant of U*** 
formed in the massive instantaneous H-bomb neutron flux by the capture of 
7 neutrons in U***, Ejinsteinium was identified via 20-d E*" a 6.6-Mevy alpha 


mitter which is the end product of a series of beta decays beginning with U 


“Hard Bottoming” The ‘‘on” or conducting state of two-state circuits 
Multivibrators can be made extremely stable by pulling the plate 
voltage down to very low values that can be main- 
tained throughout the life of the tube. Thus, scaler or multivibrator opera- 
tion is made stable even in face of large changes in tube characteristics. In 
ct, variations from tube to tube and even among similar tube types affect 
things much less than in conventional operation. Hence useful tube life is 
onger and operation more dependable 
In triodes enough grid current should be drawn to lower the plate voltage 
ifficiently to make it insensitive to further grid-current and heater voltage 
hange. Grid currents up to a large fraction of the plate current can be 
ised in most low-power triodes In pentodes bottoming is accomplished 
th a small control-grid current and sufficient screen-grid current to pull 
the plate voltage down. The plate load resistor is used to set the desired 
ite current, since the plate will operate in a constant-current condition 
(s the tubes age, control and screen grids adjust to keep the change in plate 
oltage very small 
C. C. Harris of ORNL’s Physics Division reported this work at last month's 
eeting of the Professional Group on Nuclear Science of the IRE. The 


technique is not a new one, but somehow has not been used broadly 


Sources of Background As part of a study of the Ra content of humans 
in Nal Counting C. E. Miller, L. D. Marinelli, and J. FE. Rose of 
Argonne National Laboratory have taken a careful 
it the sources of background in their scintillation crystal 

For an unshielded 4- * 14-in. Nal crystal the background is 7,000 epm 
the 0.090-2.5-Mev region of the spectrum. Shielding the crystal in a 
room with 8-in. of steel on all sides, the count is lowered to 480 epm 

ng | in. of Hg around the crystal reduces the background to 360 epm 
Che spectrum of this residual background strongly suggested that it might 
irge due to Ra. The fact that the l-in. layer of Hg had not reduced 
the background more than it had suggested that the source of background 
vas within that shield. Measurement revealed that samples of Al, regardless 
illoy type or supplier, averaged 0.3 pue of Ra per gram of Al. The erystal 
been canned in Al; remounting the crystal in a stainless-steel can with 
iartz window reduced the background to 150 epm. Of this some 15 epm 
lue to betas from the 8 ppm by weight of K in the Nal crystal No activity 
either beta or gamma, was found in the Mg@ reflector or the T! activator 
but the 0.1% K in the 5-in.-photmultiplier glass contributes 35-45 epm 
Placing a G-M counter ring so as to anticoincidence cosmic rays removed 
leaving some 55 cpm of unknown origin in the 0.09-2.5-Mey range. 


os cpm 
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Geneva Conference Proceedings 
Geneva In 
Peaceful 


will be 


The Proceedings of the 
ternational Conference on the 
Uses of Atomic 
lished by the United Nations in 
umes of approximately 500 pages 
The 
oral or written, and the discussions 

The 
lish in January, 
Vol. 3 (Power Reactors), in 
1955. The 
tions will be available late in 

A special 
$110 ¢ USA), £39, or 450 58wi 


to orders received 


pub 


16 vol 


energ’ 


} 
each 


series will comprise all paper 


series will be available in Eng- 
1956-—the first one 
November 
French and Spanish edi 
1956 

prepublication price of 
s francs for 
the full series applies 


up to December, 1955. Orders for the 


1m.es prices 


series or for individual vo! 
to be announced) ma 


the UN 
Headquarters Bookshop 


be placed itl 


‘ 


agent or the UN 
Individual 
the 


sales 


papers are also available from 
Bookshop at $.25 each 
The volume titles are: |, The World’s 
Requirements for nergy: the Role of 
Nuclear Power; 2, Physice 
Reactors; 3, Reactors; 4 
Sections Important to Reactor Design; 
5, Physics of Reactor Design: 6, Geol 
ogy of Uranium and Thorium; 7, Nu 
the Effects of 
Irradiation; 8, Production Technology 
of the Materials Used for Nuclear 
nergy; 9, Reactor and 
Chemical Processing; 10 
Nuclear Radiations in 
Medicine: 11, Biological Effects of 
Radiation; 12, Radioactive 


and Lonizing Radiations in Agriculture, 


Research 


Powe! Cross 


clear Chemistry and 


T et hnolog, 
tacioactive 


Isotopes and 
Isotope ~ 


siochemistry 13 
Health und 
Scale Use of 
Aspects 
tadioactive Isotope 

Applications of 
Products 


Rec rad 


Physiology, and 
Legal, Administrative 

Safety Aspects of Large 
Nuclear Energy; 14 
of the Use of 
Dosimetry; 15 


General 


taclio- 
active Isotopes and Fission 
in Research and Indust: 16 
of the Conference 


U. S. Nuclear Series 

The U.S. 
set of 
delegate at the Gene 


Government distributed a 


reference volumes to each 
t Conference on 
Atom 
They are now available (clothbound 
McGraw-Hill Book Co., Ine New 
York; paperbound: Government Print 
ing Office) as a set ($62.00—cloth 


bound prices are given 


the Peaceful Uses of Energy 


here or ifl- 


dividually, 


90 


a brief description of 
The three hand- 
neutron-cross-section 


the 


Following is 
each of the volumes 
books the 


volume declassified 


and 
were before 
conterence, 
Research Reactors 


$6.50) 


(406 


Descriptions and design draw 


pages 
ings of six U.S. research reactors now in 
use 

Reactor Handbook: 
$12.00). 


Physics (S04 


Reactor physics, nu- 


pages 


clear-design data, including shielding 
theory and calculating techniques 


Handbook: 
$15.00) 


Reactor Engineering 


LOSS pages, Includes basic 


reactor systems applicable to power! 
development ;summary of experimental 
reactor designs 

Reactor Handbook: Materials (614 
$10.50). Data and background 


fuels 


pages, 
information on moderators 
shielding, structural, and miscellaneous 
materials. 

Neutron Cross Sections 
$12.00). 

Chemical Processing and Equipment 
316 pages, $6.00) 


Tr) 
065 pages 


tecent data compilations 


Process and engi 
neering description of separation sys 
tem: catalog of special equipment fol 


handling radioactive mater ials 


Nuclear Physics 


By ALEX E. S. GREEN (McGraw-Hill Book Co., 
Inc., New York, 1955, xv -+- 535 pages, $9.00) 
Reviewed by W. C. Barner, High-Energy 
Physics Stanford 


Stanford, 


Laboratory, University, 


Calif 

This book is an up-to-date treatment 
of that part of nuclear physics where 
mesons do not directly manifest them 
selves. It should be suitable as a text 
graduate 
the 


for courses at the beginning 
level. Problems are provided at 
end of each chapter. 

The book begins with a review of 
atomic physics emphasizing how the 
has developed to 


quantum theory 


describe most extranuclear atomic 


phenomena. The second chapter dis- 
cusses the characteristics of and evi- 
dence for the important static proper- 
the 


spin, 


ties of nucleus, such as charge, 


mass and moments. Chapters 
3-5 are entitled Accelerators, Precision 
Instruments and Methods, and Detectors 
and Nuclear Techniques. This materi- 
al, making up 116 pages of the text, pro- 
vides a good introduction to the prac- 
tice of experimental nuclear physics, 
but it is not complete enough to be of 
great use to workers in the experimen- 


tal field. Chapters 6 and 7 are devoted 


to radioactivity and nuclear reactions 


both chapters are rather brief, the 


experimental results being presented 


with little 


the examples 


However 
the 


interpretation 
illustrating basic 
types of reactions are carefully chosen, 
the 
the presentation ol 
the 


Chapter 8 is a detailed and 


and the description of results is 
made effective by 
diagrams and curves taken from 
literature 
the sys- 


authoritative discussion of 


tematics of nuclei; section 8-8 is a well- 
organized summary of the basic nuclear 
properties that must be inferred to ex- 
Chapter 9 


contains a discussion of fission and the 


plain experimental data. 


model of the nucleus 


the text is 


liquid-drop 
The 
cerned chiefl 


of nuclear 


remainder of con- 
with the interpretation 
phenomena, and an ine 


creased background of knowledge is 
required for understanding the mate- 
rial Chapter 10, Quantum Mechanics 
\ icle “us 


those who have not previ- 


and the snot sufficiently com- 


é 
plete to serve 
ously studied quantum mechanies, but 


it gives a good review of those features 


of the theory that are important in 


understanding the “shell model 


( hapter 11 is devoted to a discussion 
of how various nuclear models succeed 


in accounting for the static nuclear 


properties as well as for the energies 


and spins ol the low-lying excited 


states. The theories of nuclear decay 
reactions are taken 


the treatment of 


and nuclear up in 
Chapters 12 and 13 
emphasizing re- 
than de- 


the organization of the 


each subject is brief 
sults and conclusions rathet 
tailed analysis; 
material is good and the important re- 
sults are stated clearly and accurately 
The final chapter is a discussion of 
nuclear forces centered about informa- 
tion provided by studies of the neutron- 
proton and proton-proton systems; a 
few paragraphs on mesons serve as a 
reminder and warning that the story 
is far from complet 

In the reviewer's opinion the book 
is accurate and comprehensive; it 
emphasizes the important subjects and 
is well written. One possible disad- 
vantage is that the scope of the book is 
so large that explanations of the mate- 
rial are necessarily often brief and in- 
complete; this lack is to some extent 
the 


chosen references to original work. 


overcome by extensive and well 


Beta- and Gamma-Ray 
Spectroscopy 
Edited by KAI SIEGBAHN (interscience Pub- 


lishers, Inc., New York, 1955, xxiii +- 959 pages, 
$20.00) Franz R. Merzoer, 


Reviewed by 
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Bartol Research Foundation of the Frank- 
Institute, Swarthmore, Pa 


This book consists of 42 review 
urticles covering practically every as- 
pect of one of the most important 
branches of nuclear physics. The indi- 
idual contributions, with very few 
exceptions, are well presented, authori- 
tative and up-to-date. Most of them 
ire of necessity short, but compensate 
for this with a large number of refer- 
ences to more elaborate discussions and 
to the original literature. The refer- 
ences are conveniently arranged as 
footnotes An appendix contains many 
very useful numerical tables 

The large number of contributors 
brings with it a certain lack of con- 
tinuity in the presentation and an 
vecidental distribution of emphasis. 
While, for example, the angular correla- 
tion of nuclear radiations is discussed 
it great length, the experimental meth- 
wis for the determination of internal 
conversion coefficients are not reviewed 
in a special chapter, but are briefly 
mentioned in three different sections 
Similarly, there exists in this book deal- 
ing with gamma-ray spectroscopy no 
paper discussing the methods used for 
the determination of gamma-ray ener- 
gies The information has to be 
gathered from many different chapters 
While this fact might not trouble the 

orker who is familiar with the field, it 
reduces considerably the usefulness of 
the book for the newcomer. A more 
detailed subject index would improve 
things and could be incorporated with- 
out increasing the size of the book by 

rificing the author index 

After two short papers on the inter- 
action of electrons and of gamma rays 
with matter, a discussion of the theory 
ind the design of beta-ray spectrome- 
ters familiarizes the reader with the 
many instruments now in use and intro- 
duces him to the problems that can 

tackled with these spectrometers. 
he precision instrument in the gamma- 
field, the bent-crystal spectrometer 
described in the next chapter. Two 
irate papers are devoted to the less 
imbitious, but more effective, tech- 
niques of the scintillation counter and 
the proportional counter 

The Geiger counter is discussed to 
some extent in the chapter on the 
measurement of disintegration rates 
ind in a section on special beta spec- 
trometer techniques. Unfortunately 
the Geiger counter also forms the basis 
for the discussion of the coincidence 
method although in this field, more 


than anywhere else, the obvious advan- 
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EKCO 


electronic scaling equipment 


AUTOMATIC SCALER TYPE w530 This new Ekco Automatic Scaler will 


time a pre-determined count or count for a pre-determined time; it can 
also be manually operated. It incorporates a stabilised high voltage supply 
for polarising a Geiger-Muller Probe or Scintillation Counter, an input 
amplifier and a pulse-height discriminator. With the addition of a 
suitable radiation counter it forms a complete counting or timing equip- 
ment. Operates from mains of 110-120 volts or 200-250 volts and is 


available for 50 or 60 cycles. 





The new Ekco Type N550 Scintillation Counter, shown alongside the 
Scaler, measures radioactive materials, in liquid or powder form, in the 
milli-microcurie range. For this purpose, it offers about twenty times 
the performance of a Geiger-Muller Counter, giving approximately 
three times the background count from | milli-microcurie of Radio- 
iodine. Used in leading hospitals, this equipment ensures both accuracy 
and speed with a minimum of skill. Type N550 operates with any Scaler 
which incorporates a pulse-height discriminator and provides H.T., 
L.T. and H.V. supplies. 


Write for the complete 

catalogue of Ekco Nucleonic 

and Electromc Equipment, 

including S« smell ation Counters, 

Scaling Umts, ¢ ounting 

Ratemeters, R. adiation Momtors, 

Vibrating Reed Electrometers, 

Geiger-Muller Tubes, Lead e e C r 0 n j C § 


Shnelding, Linear Amplifiers, 


Power Umts, Complete Counting 
Installations, Thickness Gauges E} Ekco Electronics Ltd., Southend - on-Sea, Essex, England 








U.S. Sales & Service: American Tradair Corp., 34-01, 30th Street, Long Island City 6,New York, U.S A 
Canadian Sales & Service: Measurement Engineering Ltd., Arnprior, Ontario, Canada 
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FOR 
PEACE 
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. the McGraw-Hill Technical 
Writing Service assisted in 
producing the U.S. information 
package presented to each 
delegate. 


TWS designed, translated and 


produced “Atoms for Peace 
a deluxe, full-color 
four-language book 
describing the volumes of 


technical data 


TWS edited and illustrated the 


technical data for 
“Research Reactors” and 
“Chemical Processing and 
Equipment 


TWS prepared supporting book- 


lets and display material in 


four languages 


FOR YOU - - - 


... our staff will do literature 
research or prepare manuals, 
handbooks or such material as 
you require on nuc lear energy 


or other technical subjects 


TECHNICAL WRITING SERVICE | ~ 


McGraw Hill Book Co. ine 
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tages of the scintillation counter have 


rendered the Geiger counter obsolete 
Information concerning the use of the 
fast and highly efficient scintillation 
counters in coincidence experiments is 
found in the chapter on the scintillation 
method and in the discussion of the 
measurement of lifetimes with the de- 
layed-coincidence method 4 guide to 
the investigation of decay schemes and 
a special chapter containing a detailed 
discussion of a few typical de 
schemes provide ample introduction 
to the beginner in this field. 

The theory of beta decay is presented 
in a very appealing way that will also 
satisfy the experimentalist. An ex 
cellent summary on the experimental 
evidence on shapes of beta spectra and 
a status report on the tedious neutrino 
recoil experiments nicely round out the 
discussion on beta decay 

The gamma-ray transitions are intro 
duced with a chapter on the theory of 
multipole radiation. It is followed by 
a summary of the theory of internal 
conversion. To all those engaged in 
the study of the multipole character of 
transitions 


gamma-ra\ this chapter 


will prove very valuable. It presents 


in many figures and in tables in the 
appendix the results of recent calcula 
tions by Rose and coworkers of K- and 
L shell conversion coe the ients, which ( 
far have only been privately circulated 


Many 
the inclusion of discussions of the shell 


readers will also appreciate 


model and of the collective model as 
well as papers on classification of beta 
transitions and of nuclear isomers 
The development of the scintillation 
counter has made possible the detailed 
study of many phenomena that had 
escaped detection or had been ver 
difficult to tackle in a quantitative way 
with Geiger counters Probably the 


most important of the newly 


opened 
fields is the study of angular correla 
which is discussed in a ver 
Many other applica 


scintillation 


tions, 
thorough article 
tions of the counte! 
e.g., the double Compton effect, inte: 
nal bremsstrahlung, internal pai: 
mation, double beta decay, annihilation 


of positrons, positronium, resonance 


fluorescence, are presented in short 
papers. These contributions are espe 
cially weleome in those cases in whic! 
no recent review articles are available 

A summary on beta- and gamma 
transitions in heavy radio-elements 
ndicates a revival of interest in this 
part of the periodic table 

Finall two papers on the gamm 


radiation from charged-particle rea 


tions and on neutron-capture gamma 
rays discuss the methods used for the 
detection of high-energy gamma rays 

and present the data available 
In conclusion, we expect that the 
newcomer, although sometimes frus- 
trated in his attempt to locate a certain 
subject, will find that many of the re- 
iews give him a good impression of 
what to expect from a particular field. 
The experienced worker will appreciate 
the wealth of references and will con- 
sider the book as a handy collection of 
review articles, which otherwise are 
dispersed in many different publica- 
While the book should be in the 


library of every institution working in 


tions. 


the field, the high cost will deter many 


individual workers from purchasing it. 


Analysis of Feedback Control 
Systems 

By ROBERT A. BRUNS and ROBERT M. 
SAUNDERS (McGraw-Hill Book Co., Inc., New 
York, 1955, xv + 383 pages, $7.50). Reviewed 
by J. R. Burnett, School of Electrical Engi- 
neering, Purdue University, Lafayette, Ind 

This is one of the many recent books 
on the 
theory It 


subject of servomechanism 
differs from the others 
primarily in organization and the 


veight given the subject of com- 


ponents. The subjects treated by 
chapters are in the following ordet 
mechanical systems; electric actuators 


hydraulic elements; pneumatic ele- 
ments: electric-circuit elements elec- 
tronic amplifiers; magnetic amplifiers 
dynamoelectric amplifiers; transducers 
reference standards; specifications and 
tability; block diagrams and network 
reduction; experimental means of ob- 


taining transfer functions; transient 
response from frequency response data 
nonlinear systems; and discontinuous 

tems There are 383 pages of 
which 208 are devoted to components 
ind the remainder to feedback theory. 

The organization of the book is quite 
different from other servo books The 
most striking feature is the inclusion 
of the component data at the first of 
theor rhis 


tive hook before the 


leaves one in the position of deriving 
the transfer function of a component 
but without adequ itely understanding 
ts use Where the use is clarified, 
ittention must be directed to an 
unread chapter to obtain the theory 
This leaves the 


having to read the book as a whole 


reader in the position 


chapter starting 
The rigor of the 


ind not chapter DY 
rom the beginning 
book is confined to the appendix which 


concerned witli \ iriable 
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and the proof of the Nyquist 
y criteria 
lack of Laplace transform 
also presents some interesting 
roblems to the reader For instance 
p. 95 the transfer function of a 
transmission-line type of delay appears 
thout any justification. On p. 50 
the frequency domain form of time 
lifferentials also suddenly appears; 
vever, in this case there is a reference 
given. The subject of poles and zeros 
ivoided until there is no recourse. 
hey are mentioned first in the section 
of Nyquist stability concepts, but are 
not explained until a later chapter on 
root locus. Even then there is no 
jlanation as to how the quantity jw 
iddenly appears with a real and an 
wwinary part 
There are many inconsistencies 
thin the book For instance, the 
preface points out that most engineers 
nd students are familiar with steady- 
ite sinusoidal concepts, and _ pre- 
imably these are the people who will 
read the book; then in the electric- 
iit-element chapter space is allo 
ted to defining impedances of the 
etrical elements, but no mention is 
de of Kirchoff’s laws. Also in the 
it is pointed out that the 
of feedback systems has 
ved from the art stage to the 
entific, but then in the block diagram 
ection attention is called to the new 
of creative art, reshaping transfer- 
function plots 
There are many good features of 
ok In a sense, the lack of the 
entional Laplace-transform intro- 
is a good innovation because 
servo books it is actually not 
ifter the introductory chapters 
cause some troubles when root 
ots are introduced For in- 
ce, transients are formed from the 
fferential-equation approach. The 
roductory chapters on components 
ome good features as regards 
computations of inertia, and 
ir topics from mechanics. There 
iseful tables of asymptotic plots 
ler functions and the correspond- 
networks. There are also useful 
tables of block-diagram-reduction 
techniques. There are many excellent 
problems and numerical examples, 
experimental techniques chapter 
lite good 
lathematical approaches to the 
ems of feedback engineering have 
omitted, but still this book has 
is an introductory, survey 


( im into servomechanisms 
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Take the first step today toward 
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@0O-ring stem seal eliminates leaks 
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with fingertip control) 

eSelf-aligning stem for tight 
closing (no wrenches needed) 

@ Panel mounting, if needed, 
for instrument panel and hy 
draulic test stand service 

eand of course, the bac . 
seating feature makes 


possible to replace O-ring Noi 
or packing under pressure 
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to 4” pipe. You can use 

them for pneumatic or 

hydraulic service or 
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A mobile self-contained unit for 
detecting high-energy beta, and 
gamma. Automatic warning system 
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No reported failures in over 300,000 
hours of field operation. Weight: 
450 Ibs. net; 500 Ibs. for shipping. 
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FREE CATALOG 
Catalog N-B covers NMC’s complete 
line of nuclear instruments 
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ALSO OF NOTE 


World Development of Atomic Energy. 
This report of the nonmilitary atomic- 
energy activities of 32 countries is 
based for the most part on a survey 
conducted by the Atomic Industrial 
Forum, Inc. A supplementary section 
describes the U.S. bilateral-agreements 
program, including verbatim repro- 
ductions of the agreements with 
Turkey, Belgium, Canada, and the 
United Kingdom Atomic Industrial 
Forum, In 240 Madison Ave Veu 
York 16, N. Y.. $5.00. 


Atomic Energy in Pharmacology: In- 
dustrial and Legal Aspects. This 
report describes domestic and foreign 
pharmacological investigations with 
carbon-14 and related literature refer- 
ences. Government regulation of 
radioisotope use is discussed Veu 
York Committee on Atomic Information 
Tne 61 Broadway (Suite 70 Veu 


York 6, N.Y 


Recommended Safe Practice for Lab- 
oratories Handling Radioactive Ma- 
terials. These recommendations were 
prepared by the NFPA Committee on 
Atomic Energy and adopted by the 
NFPA Ma 17 1955. Ther are 
mainly concerned with laboratories 
handling small quantities of radio- 
otopes (1 cure or less); reactors and 
accelerators are mentioned briefly 
Vational Fire Protection Association. 60 
Batterymarch St Boston 10 V ass 
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High-Energy Nuclear Physics. The 
proceedings of the Fifth Annual Roch- 
ester Conterence 1955 contains 
seven main sections: Low Energy Pion 
Phenomena, High Energy Pion Phe- 
nomena Theoretical Session I le- 
mentary Particles—Experimental, Ele- 
mentary Particles, Elastic Scattering 
of Nucleons, and Accelerator Physics 
A discussion of the Conference was 
resented in NucLeonics (Ma 1955, 
34 Interscience Publishers, Ine 

50 Fifth Ave., New York, N. Y., $2.50 


Atomic Energy and New England. 
This booklet is the re port of the New 
England Committee on Atomic Energy 
to the New England Governors’ Con- 
ference It presents the conclusions of 
1 vear’s study of the significance of 
itomic-energy development to New 
England and recommendations to 
government, industry, and educational 
institutions Among the recommenda- 
tions are: appointment of a coordinato1 


in each state; establishment of in AEC 
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fied information in New England 
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PRODUCTS ano MATERIALS 


Reactor Simulator 


Reactor behavior can be studied without incurring the cost of an operating 


reactor, with new 


imulator now ay 


ailable. The instrument combines a 


plastic reactor model of a swimming-pool-type reactor, complete with moving 


control rods and blue lights to simulate Cerenkov radiation, with an analog 


computer that continuously solve 
the differential equation for reactor 
dynamics, and displays results on 
standard reactor control instruments 
Since model can be observed while 
operating the simulator, demonstra 
tion can be more graphic than with 
actual reactor. Several reactor ty pes 
can be simulated; reactor constants 
can be altered with plug-in units 
effect of delayed neutrons can be re 
kiffects of tempera 
ture, burnup, and 


moved at will. 
fission-product 
poisoning are not included as cost 
would be prohibitive Price is 
$11,000-17,000, depending on model 

Leeds and Northrup Co,, 444 N 
16 St., Philadelphia, 30, Pa 


RADIATION DETECTORS 
AND ACCESSORIES 


Multichannel Analyzers 


Based on Argonne’s model 101 these 
new analyzers (Model 3301 and 3300 
use magnetic-core memories. Data 
accumulation is in decimal mode with 
continuous linear readout on CRT 


96 


and decimal printer or graphical 

record (appropriate sections shown 

below, left). Linearity is 0.2% 
Radiation 

ment Laboratory, 2337 W. 67 St 


Chicago 36, Ill 


Instrument Develop 





ey 


10-Mc Scalers 


Including high-voltage supply, 1L0- 
Me-bandwidth preamplifier, and 
pulse-height discriminator, model 
$104 (binary scale-of-4,096) and model 
1124 (decade scale of 1,000) are spe 
cially designed for high-speed count- 
ing.—-FElectrical and Physical Instru 
ment Corp., 25 W. 43 St., New York 
36, N.Y 
: 

Collimated counter. Model CS-100 
scintillation counter affords variable 
collimation, comes equipped with | 
l-in. Nal crystal and photomultiplier. 

NRD Instrument Co., 6425 Etzel 
Ave., St. Louis 14, Mo 


Stable HV Supply 


Featuring 3-ppm per volt stability 
igainst line-voltage variations and 
2.5-ppm/milliamp regulation, the 
N401 high-voltage supply provides 
500-1,800 volts at up to 5 milliamp. 
It uses 21 ultrastable 85A2 regulators. 

Hamner Electronics Co., Inc., Box 
531, Princeton, N. J 


Industrial HV Supplies 


Twenty three standard sizes equipped 
with 20 safety features for use by un- 
skilled workers, yet accurate enough 
for laboratory use, are available 
in this mass-produced line. Shown 
above is the H-50 0-30-kv supply 
that delivers up to 5 milliamp at 
10% no-load to full-load regulation. 

NJE Corp., 345 Carnegie Ave., 
Kenilworth, N. J 





Products Index 


Radiation Detectors and 
Accessories 96 


Controllers and Recorders. . .97 
Industry Notes , 98 


Literature Available 99 











October, 1955 - NUCLEONICS 





Ratemeter. Type 12112 combines 
two six-stage decade counters; one 
measures cvcles of a built-in tuning 
fork, other counts unknown frequency 
or pulse source.—Research and Con- 
trol Instruments Division, North 
American Philips Co., Inc., 750 38. 


Fulton Ave., Mt. Vernon, N. Y. 


Counter-timer. DS-1700 counts 
from 40 psec to 100,000 sec with 
100-ke erystal oscillator; it can also 
count unknown against this standard. 

Detectron Corp North Holly- 
wood, Calif 


Portable counter. Model 521A In- 
dustrial Counter provides direct read- 
ing of frequencies from | eps to 120 ke 
based on 100-ke erystal standard and 
l or  9-sec count Hewlett-Packard 
Co., Dept. P, 395 Page Mill Rd 

Palo Alto, Calif 


New Dekatron. (GS12D is self-indi- 
cating scale-of-12 cold-cathode count- 

gy tube with all 12 cathodes brought 
out to pins in base. Counting rate is 
to 4,000 eps.—Atomic Instrument 
Co., 84 Mass. Ave., Cambridge 39, 
\i ass 


Transistorized HV supply. Power 
packs provide from 200—1,500 volts 
it 50 pwamp to over 4,000 volts at 
| vamp from single 1.5-volt flashlight 
battery Universal Atomics Ine 


19 F. 48 St., New York, N. Y. 


Counter-converter. New unit pro- 
les two 3-digit or single 6-digit 
ounters plus converter assembly pro- 
ling contact closures to operate 
[BM-type Summary Punches. 
Harper Engineering Co., 2330 Michi- 
Ave., Santa Monica, Calif. 


CONTROLLERS AND 
RECORDERS 


Sliding-Coil Recorder 

Reeording on a 2-in. wide chart, self- 

contained, portable model SL-2 re 
rder can measure any impulse that 
in be converted to an electrical sig- 


Recording scale function de- 
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Can You Use 14 Years 
of Atomic Energy Experience? 


National Research has been continuously associated with vari- 
ous aspects of the United States atomic energy program since 
1941. We are now particularly qualified to be a source of ma- 
terials, equipment, research and consultation in the industrial 
development of atomic energy, and are prepared to assist other 
organizations faced with advanced engineering and management 
problems in this new field. 

For further details write for our new brochure “National Re- 
search Corporation and Atomic Energy". Address your inquiry to 
Nuclear Energy Department, 70 Memorial Drive, Cambridge, 
Massachusetts. 


National Research Corporation 


“New Enterprises Through Research” 


Visit our Booth No. 501 at the 
“Atomic Exposition”, December 10 to December 16, 
Public Auditorium, Cleveland, Ohio 
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pends only on the taper of the input 
potentiometer, so that many fune 
tions can be recorded. Instrument 
is particularly suited for reverbera 
tion, sound intensity ibration or 


sound-decay measurements—Sound 


Apparatus Co., Stirling, N. J 


Indicating Controller 

Both a dial thermometer and a differ 
ential-expansion temperature con 
troller the model 


temperature range in 


LD-IS can be 
used with six 
eluding 150-750° | Operating dil 
ferentials are 1-4° F, opening and 
closing a switch rated at 15 amp, 125 
250 volts, a-« kxxpansion tube i 
14-in. long Burling 
Instrument 


Chatham, N 


Two-Pen, Two-Cam Controller 


Cycle controller combined with a two 
pen, two-cam controller in a two-case 
unit achieves fluctuation of one varia 
ble while another is going through a 
different fluctuation at a sychronized 
time. The cams are cut individually 
and locked together in desired time 
Variety of 


controllers are available 


relationship. program 
The two 
pen recorder makes two records at 
same time on 12-in. round chart 


The Bristol Co., Waterbury 20, Conn 


Plug-in Millivolt Controller 


With three control 
two position, three position 


forms-—-on-off 
mv con 
troller is housed in horizontal case, 


19 Kk 6 & 104-in. deep Neutral 


98 


zone 1s adjustable from 0-100% of 
full scale (wide zone) or from 0-10% 
of full seale (narrow zone). Cali 
brated accuracy of instrument i 


34% of full seale. 


Minneapol 
Honeywell Regulator Co., Wayne and 


Windrim Aves., Philadelphia 44, Pa 


Sensitive Transducer 
electromagnetic transducer in use 
at sritish 


independent of supply 


U-diffusion plants is 
voltage and 
Mechanical 


displacements <0.001 in. are mea 


Irequency variations 


urable. sridge circuit uses two re- 
sistors and two induction § coils 
Transducer can be converted to pres 
sure gage by adding diaphragm o1 
Bourdon tube.—General Electric Co 
Ltd. Viagnet House 

W. C. 2, London, England. 


Kingswa 


wee 


Constant-Flow Device 

Set rate of flow for hot or cold water 
from 0.2-8 gal/min is delivered within 
10% for line pressures from 10-150 
psi by the Mensurflo control. Pre 
sure flexes Neoprene diaphragm into 
grooves and holes of brass orifice 
plate to regulate flow. Pipe size 
are 44, 3g and 14 in.—Hays Manu 
facturing Co., Dept. 238, West 12 


St., Mrie, Pa. 


Miniature Strip-Chart Recorder 
Null-balance recorder uses 5-in. trans 
lucent paper. Pen speed is 0.5-se: 
full seale, and accuracy is 0.25% In 
put sensitivities are 10, 50, 100 or 500 
my ad a 
for 4, 10 or 20 in./hi 
mount in standard 95¢ & 19 in. relay 
Westronics Ine., 3605 
Fort Worth, Tex 


Chart speeds are adjustable 


Recorder wil! 


rack panel 
MeCart St 


Inkless recorder. As many as 30 
( hannels can be recorded on one chart 
inklessly. Also available is model 
MR contact meter with remote reset 
feature. Available in many rating 

Larson Instrument Co., 24 Orchard 
St., Tarrytown, N. Y. 


INDUSTRY NOTES 


P Paterson Research Co., 132 Beck- 
with Ave., Paterson, N. J., has been 
formed to consult in all aspects of 


atomic energy. 


P American Electronics, Inc., of Los 
Angeles, has purchased R-C Scientific 
Instrument Co., Playa Del Rey, Calif., 
designers and manufacturers of radi- 
ation measurement apparatus, and 
will operate it as a wholly-owned 
subsidiary, Reed-Curtis Nuclear 


Industries. 


P industrial Development Labora- 
City, 
N. J., has purchased manufacturing 
rights to the SM-3A scintillation sur- 


tories, 17 Pollock Ave., Jersey 


ey meter from Nuclear Research 
Corp., Southampton, Pa., and will 


produce ind market it henes forth. 


P Nuclear Development Associates 
has changed its name to Nuclear 
Development Corporationof America 
NDA. The 
firm has moved to new quarters at 
5 New St., White Plains, N. Y., and is 
developing a Nuclear Ex 
Station near Pawling, N. Y. 


retaining the familiar 


po rimental 


P High Voltage Engineering Corp. 
has opened a West Coast office at 
1644 Grove St Jerkeley Calif., 
managed by George C. McFarland, 
formerly of UCRL 


> Ketay Limited has been formed by 
Norden-Ketay Corp. and Plessey 
Co., Ltd. to design, develop, and 
manufacture servomechanisms in 


england 


Hamner Electronics Co., Inc., Box 
531, Princeton, N. J., has been formed 
by Princeton scientists to develop, 
manufacture, and market advanced- 


design instruments 


& Jordan Electronics, Inc., manufac- 
turers of radiation monitoring instru- 
ments, have moved to new 12,000-sq- 
ft facilities at 3025 W. Mission Rd., 
Alhambra, Calif. 


Bell Aircraft Corp. has retained 
Nuclear Science and Engineering 
Corp., to render assistance and ad- 
ice. Eugene Zuckert, former AC 
Commissioner, will be active in man- 


iwement-consulting phases. 


Ford Instrument Co., division of 


Sperry Rand Corp., has opened an 
office at 260 S. Beverly Drive, Beverly 
Hills, Calif. headed by Edward F. 


Manion. 


& Consolidated Vacuum Corp., sub- 
idiary of Consolidated Engineering 
Corp has concluded an agreement to 
manufacture and market high-vac- 
uum distillation apparatus developed 
by the Distillation Products Indus- 
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tries, Division of Eastman Kodak Co. 


, | INVEST IN 
& Perkin-Elmer Corp., Norwalk, 


Conn., has formed a new subsidiary 
Nuclear Magnetics Corp., to market ATOMIC SC | EN C . 
the nuclear magnetic resonance equip- 


ent developed by the Laboratory through a MUTUAL FUND 


for Electronics, Boston, Mass 


Crane Packing Co., has broken ATOMIC DEVELOPMENT 
ground for a 46,500-sq-ft building to MUTUAL FUND, INC. 


is designed to provide a managed 





ide laboratory facilities for devel- 


products for the nuclear field 


> Varian Associates, will add 25,000 


ft to its Palo Alto, Calif. plant to 


ovide more space for developing nu- 
] £ 


investment in a variety of 


companies participating in activities 


ear magnetic resonance equipment 


LITERATURE AVAILABLE GET THE FACTS AND FREE PROSPECTUS 


Research reactors. Bulletin GhA- ATOMIC DEVELOPMENT SECURITIES co., Inc. 
6326 describes 30-kw heterogeneous 1033 Thirtieth Street, N. W., Washington 7, D. C. 
NTR, 50-kw water boiler (WBR), and 


Iw swimming pool (SPR) Sp 


resulting from Atomic Science. 


Gentlemen: 
Please send me my FREE PROSPECTUS and other important 
information on the Atomic Development Mutual Fund, Ine. 


General Electric Apparatus Sales 
1) Schenectady 5, N. Y. 


Reactor instruments. Count, period a 





safety amplifiers, power supplies 


Address 





etectors, and recorders are listed 
\Iinneapolis-Honeywell Regu 


Wayne and Windrim Aves 





City Zone ———————— 


meee wee ween eee eee 


Dense metal. Fansteel 77, machin- FOR SCINTILLATION & 
W-Cu-Ni allov used in shields PROPORTIONAL COUNTING 


tiswatan we NON-OVERLOADING LINEAR AMPLIFIERS 
Models 107 


tee| Metallurgical Corp., North ADVERTISING 4 107P 
eo, Til Gain 40,000 


- continuously 





variable 
Materials production. Brochure de AND Rise 0.2 mic- 
rosec 
es nuclear-materials production, Accept + and 
— pulses 
ent for metals roduction, _ 
: corer PUBLIC RELATIONS TREMENDOUS DYNAMIC RANGE Exceeds 1,000,000 
ium technology, and nuclear (0.1 mv to 100v) 
. ' Based on improved Chase Higinbotham design 
engineering. 6 p National S if be Vv | i E Excellent linearity for small pulses in the presence of 
earch Corn 70) Memorial D1 tremendous overloads that porclyze other amplifiers 
di . ’ PULSE HEIGHT SELECTOR (Supplied only on Mode! 
hrdg ) ass 107P) —Precis! tri 
elise for 35 yeor, Bora & Jocobs | | bas cision HIGH VOLTAGE SUPPLIES 
Nuclear instruments. Catalog sup hes served ls cients by 


t th f 
ent No. 4 lists new counters anticipating e needs o 
ht { f American business ond in pee nis 
e-heigt nalyzers, apparatus [or 

ae PP dustry. Since 1951 we have marr gaall 
imor localization, et 14 p (Positive an 
provided a special service Negative) 


Instrument Co., 84 Massa- in nuclear energy and allied 
Ave ( ambridge 39 Mass fields. 
500-1500 volts, | m.a. (2 ma. to IKV) 
. . ri ipment. Continuously variable 
Radiation measuring equip BOZELL & JACOBS Polarity switch makes this highly regulated 
Catalog P covers complete line for supply equivalent to two separate precision 
6.2 ° @ instruments 
|, industrial, and research ap- advertising & public relations Drift less than .01% over several hours; less 
than .02% per day. Regulation 002% ' 
% change in line voltage for line voltages te 
tI! tising Agencies tween 70 and 140 
Precision voltage divider (0.1% resistors) for 


itions 18 p.—Nuclear Chicago Member: American Association of Adver- 


299 W. Erie St., Chicago 10 


precise reading of output voltage 
NEW YORK.....2 West 45th Street 4” 


. rice lis panel meter Dual teflon output con 
Radiopharmaceuticals. Price list MUrray Hill 7-6210 A «4 


| progress report on new radio- WASHINGTON. .50! Sheraton Building, Medel 107 Amplifier 
9 711 14th Street, N. W Medel 107P Amplifier (includes pulse- 
tom techniques, 24 p Abbott , 


height selector) 
| " 
| oratories. North ( hicago, Il! Sterling 3-2406 Medel 112 Amplifier (gain of 1000) 


Kansas City Minneapolis Omcaha Medel 40! Mercury Pulse Generator 
RN-755 Seattle Shreveport Baltimore Chicago Medel 515 HV Supply (500-1500 volts) 
‘ foo 


Mode! Hv ly (1 4000 vet 
Beverly Hills Houston Indianapolis ” tte "tae = oa 9086.08 


" ribes how automobile radio can RADIATION INSTRUMENT co. 


ised as radioactivity detector sim- ?.0. BOX 733 SILVER SPRING, MARYLAND 
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WANT MORE SCALER PER KILOBUCK? | 


Specify the BERKELEY 
DECIMATIC! 





@ Either 1 my or 0.2 v. sens 
@ Plug-in non overloading omplifier units 
Preset count, preset time, or time-co 
Precision discriminator 

Electrical reset 

Precision 500-3000 v. high voltac 
Automatic print-out of counts optional at ex 
Price: Model 2020A!) 

f.0.b. Richmond, California 


Call your Berkeley representative, or writ 
bulletin; please oddress Dep't. E-10 


Berkeley ; 


(810m OF BEC E Man 
7700 WEIGHT avinut #1CHMOn 





radiation 
_ 


HTT HII 


ull 
il il 


22" . 
6" THICK 
ortem=T-RAY PROOF 
SOLID LEAD 
BLOCK 
[TYPE 5 


HIGH DENSITY 

T GLASS BLOCK 

| [rYPE 34] 
«SS. FRAME 


— 


RAY PROOF 
DENSITY 

CONC. BLOCKS 

[TYPE 5i] 


La 
HOT CELL WALL SECTION 


Our materials are 
designed to meet your 
shielding specifications. 


Hill HHH i} ii} 
i i Hl i} HHH 1] 
HW i Hl 


RAY PROOF 


‘WE SOLICIT YOUR INQUIRIES 
100 


HHHHIHI i 








a lew 
Inter 

1521 E 
Calif 


adding G-M tube and 


electronic 


ply by 
components 
Rectifier 
Ave., 


national Corp 


Grand El Segundo 


Mutual fund. 
available 


Three publications are 
: portfolio, with map, of fund 
and 
Atomic De- 
1033 
DC 


holdings; chart of reactor types; 
management brochure 
velopment Mutual Fund, In 
30th St., N. W., Washington 7 
Pocket battery monitor. Folde: 
gives data on PW-4010 G-M tube 
North American 
Fulton Ave 


monitor, 4 p. 
Philips Co., 750 § 
Mt. Vernon, N. Y 


Analyzer comparison. RIDL114-5 
cross-reference sheet lists features of 
single-channel pulse-height analyzers 
Radiation Instru- 
ment Development Laboratory, 2337 
W. 67 St., Chicago 36, II 


to aid selection. 


Indicating titrator. Bulletin 615 de 


scribes high-sensitivity wide-range 
instrument for nonaqueous titrations 
Precision Scientific Co., 3737 


Chicago 17 Ill 


t p 
W. Cortland St., 


Proportioning pumps. Applications 
memo BIF M37 shows use of Adjust- 
O-Feede 
boiler 


pumps in conditioning 
Proportioneers 


Ave 


water. 2 p 
345 Harris 


Ine., Providence 


R. I. 


Optical bench. Precision universal 
instrument bench 
able mock 
ups of instruments and testing. 20 p 

Meyer-Opticraft, Inc., 39 W. 60 


t., New York 23, N. Y 


and over 50 avail 


components provide for 


Recording charts. Sixteen technical 
notes list special recording papers in- 
heat- 
types.—Technical 
Van Rensselaer St. 


electro-sensitive 
Charts Ine 
Buffalo 10 


cluding and 

IS9 
N. ¥ 
Apparatus, ‘atalog 54 
lists glassworking gear 


mercury. ( 
and mereury 
with related cleaning and vapor-de 
tecting equipment sethlehem Ap 
paratus Co., Inc., Front and Depot 


s., Hellertown, Pa. 


Magnesia-insulated conductors. 
High-temperature, swaged, magnesia 
insulated conductors are described in 
bulletin 6A.—Aero Research Instru 
ment Co,, 1040 Grand Ave., Chicago 


22, Ill 


Engineering services. I:ngineering 
and construction services available ar 

explained in bulletin 2505.—Chemical 
Plants Div., Blaw-Knox Co., Farmers 


Bank Building, Pittsburgh 30, Pa. 


LANDAUER 


NEUTRON RING WRIST 
film badge services 
Now used in leading laboratories 


These special services supple- 
ment America’s finest gamma- 
beta film badge service. 


R S LANDAVER JR & CO 


ae 


WRITE rnice tacore 1 
R. S. LANDAUER, JR. 


AND COMPANY 


24 PLAZA .... PARK FOREST, iLL. 
eeoeeoeveeee 


a 


for the new special 


A copy of this quick-read- 

ing, 8-page booklet is yours © 
for the asking. It contains 

many facts on the benefits 

derived from your business 

paper and tips on how to 

read more profitably. Write 

for the “WHY and HOW 

booklet.” 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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LET oo 


Radiation-Liability Insurance 


In the following letter, Mr. Stratton is 


ommenting on NuUCLEONICS’ report 
13) of a policy issued to 
by Indem- 
ty Insurance Co. of Vorth America. 


Indicatiwe of 


July '55, p 


Technical Operations, Inc., 


Travelers’ activity in the 
nuclear power field is a policy issued 
July 18 for General Electric's West Mil- 


fon power station. 


\R Srr: 
I feel duty bound to have you 
that the policy issued was not 


My 


and several others have ab- 


ceptional in any way own 

pany 
rbed such risks regularly for a num- 
r of years, not considering such forms 
nsurance to be at all spectacular nor 
front page Pos- 


DiV we were wrong and should have 


meriting coverage. 
idvertised 
The main point, however, is that this 
pe of coverage and the inclusion un- 
it of radioactive products is not 
Reve. C. STRATTON 
The 
ing and Loss Control Division 
Hartford, Connecticut 


Travelera 
Engineer 


Monitoring with Commercial Film 


DeaAR SIR 


* Disaster 
th Amateur and Commercial Photo- 
phic (NU, Aug. °55 p 10) 


1952 we at Polaroid Corp. explained 


Pertinent to Monitoring 


Films” 
the film in our camera as a 


to use 


ister monitor for y-radiation per- 


tting I-min development without 
eed for darkroom or special chemicals 
Patent 2 TO5 757 


A tab of fluorescent X-ray 


ped inside the camera just to one 


| ~ 


screen 18 


ns, close to the negative 
n the camera is in normal 
With 0.1-2 r, the film 


unaffected 


state 
hole is practically 
b fluoresces just enough to 


fogged’’ area on the film: 


roduces 
irect 


irving degrees of fog- 
action on the film. <A 
vedge 


rough dose 


The method does not in- 


gives 


normal camera use 


WILLIAM A. SHURCLIF? 
Research De partment 
Polaroid ¢ or poration 

Massachusetts 
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Cambridge 39 


LINDE synthetic sapphire windows 


Trade-Mark 


hard... strong... chemically inert 
excellent optical transmission 


Sapphire has long been accepted as a material with 
excellent chemical resistance, strength at high tem- 


peratures, 


and transmission of 
and infra-red radiation 
now that it can be produced in disk 


ultra-violet, visible, 
It is finding many new uses 


up to 2 inches in 


diameter. This form allows its excellent optical char- 
acteristics, along with its outstanding chemical and 
physical properties, to be used to advantage in many 
important applications 


Single-crystal sapphire windows are available in 
diameters from '% to 2 in. and in thicknesses of 1 mm 


to % in 


They are commonly 


supplied with ground 


finish or window glass polish. For further information, 
call or write your nearest Linpe office 


LINDE AIR PRODUCTS COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [Ta New York 17, N.Y 


Linde 


Offices in Other Principal Cities 


is a registered trade-mark of Union Carbide and Carbon Corporation 


Mechanical Arm at Knolls Atomic Power Labora 
tory, operated by General Electric Co. for the AEC. 


Remote handling of radioactive 
materials is performed safely and 
easily with the General Mills 
Mechanica! Arm 

This versatile unit duplicates 
any motion of the human hand 
and arm; it can assemble and dis 
assemble complicated machines, 
lift as much as 750 pounds, handle 
delicate objects. 


Continuously variable power 
and speed controls are easily mas- 
tered and eliminate many of the 
restrictions found in hand-powered 
or position-controlled mechanisms 

FULL DETAILS on the Mechanical 
Arm are yours for the asking. Write 
to Dept. N-2, Mechanical Divi- 
sion of General Mills, 1620 Central 
Ave., Minneapolis 13, Minn. 


MECHANICAL Division oF General Mills. Ine. 
101 





FOR 
VIEWING 
WINDOWS 


Zinc Bromide in optical grade solution has been demon- 
strated to be an effective answer to the problem of shielding 
viewing windows. Michigan Chemical Corporation, for 
twenty years a quality producer of chemicals, offers a prompt 
supply of this compound, Michigan Chemical Zinc Bromide 
now in use has proved satisfactory, and complies with all 


AEC specifications 


Write us for further information, 
and a reprint of an article from 
NUCLEONICS entitled, “Design 
and Construction of Shielding 
Windows” 


MICHIGAN CHEMICAL CORPORATION 


Saint Lovis, Michigan 





Fuel Element Materials fabricated by the General Plate Division 
now being used in the production of power from the atom. 


METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 
ATTLEBORO, MASSACHUSETTS, U.S.A. 


NEWSMAKERS 


Clarence E. Larson, director of Oak 
tidge National Laboratory, has been 
appointed vice president in charge of 
research for National Carbon Company 
Alvin M. Weinberg, research direc- 
tor, becomes director of ORNL, and 
John A. Swartout, assistant research 
director, becomes deputy laboratory 


director. 


Alexander Squire, former manager of 
the Apparatus Dept. of the Atomic 
Power Div. of Westinghouse Electric 
Corp., has been appointed manager of 
the company’s submarine fleet reactor 


project, 


Corbin Allardice has resigned as execu- 
tive director of the Joint Congressional 
Committee on Atomic Energy to ac- 
cept the position of atomic energy ad- 
viser to the International Bank for 
Reconstruction and Development 


Leonard Smiley has been appointed 
manager of technical coordination in 
the Atomic Energy Div. of Sylvania 
Klectriec Products, Inc. 


C. Burton Clark heads Harbison- 
Walker Refractories Co.’s new nuclear 
research unit in Pittsburgh to investi- 
gate possibilities of new type of refrac- 


tory construction materials 


Three new managers have been nh imed 
in the Atomic Power Equipment Dept. 
of General Electric Co.'s Atomic Prod- 
ucts Div.: Raymond C. Freeman, man- 
ager of newly established engineering 
section and acting manager of em- 
ployee relations; Lovis E. Newman, 
manager of newly established marine 
propulsion study; John M. Hobbs, 
manager of manufacturing. Paul R. 
McMurray, superintendent in the re- 
actor section of the Hanford manufac- 
turing dept., has been named manager 
of the radiological engineering section 
of General Electric’s radiological sci- 
ences dept. He succeeds J. M. Smith, 
1 = who will be in charge of radiological 
engineering for GE’s Commonwealth 
Kdison atomic power reactor project. 
J. Emmett Maider, former manager of 
manufacturing at Hanford, assumes 
managership of the Commonwealth 
Edison Chicago nuclear power plant 
project in the General Electric Atomic 
Products Div. in Schenectady. 


Harry Soodak has taken leave from 
the College of the City of New York 
to be head of the reactor physics group 
of Nuclear Development Corp. of 
America. 
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» EMPLOYMENT OPPORTUNITIES 
WH ERE NATIONAL The Advertinment in die cxpticn lashed ofl enplenasns eqpornenities 


y executive, management, technical, selling, office, 

\ COVERAGE Positions Vacant Civil Service Opportunities Employment Agencies 

rt B a . . Positions Wanted Selling Opportunities Wanted Employment Services 
| ( ) U \ Part Time Work Selling Opportunities Offered lLaber Bureaus 

DISPLAYED ——-—-- RATES UNDISPLAYED 


Rates are per inch per insertion. Con- The advertising rate is $15.00 per inch for all $1.50 per line, minimum 3 lines. To figure 
advertising appearing on other than a con advance payment count 5 average words as a 


tract rates are based on the use of 6 or 
tract bas Contract rates quoted on request lime 


12 issues within the contract year, and 
An advertising inch is measured |” vertically Box Numbers-—counts as 1 line 
on @ column 3 columns—30 inches to a Discount of 10% if full payment is made in 


page advance for 4 consecutive insertions 


as specified beiow 


1 Time 6 Times 12 Times 


$21.75 20.25 18.75 Subject 
— Send NEW ADS to NUCLEONICS, 330 W. 42nd St., N. Y. 36, N. Y., for Nov. issue closing Oct. 18th 


to Agency Commission Not subject to Agency Commission 


























SCINTILLATION PHOSPHORS | 


PLASTIC PHOSPHOR NE 101 | Lucefbtional CGybortunitis ft 


As shown at the 


/ ea ENGINEERS & SCIENTISTS 


diameter 


sie | in NUCLEAR POWER 





* 
ultrasensiti ve 
physical instruments 
Standard sizes avail 
able at low ost for 
prompt delivery 


LIQUID PHOSPHOR NE 202 COMBUSTION ENGINEERING, INC. 


Eff liquid intilator sealed in Pyrex ° ° one ‘ 
conve Pi a leading firm in the utility and marine nuclear 


i rane of convenient izes. Pr 

Se ee eee ae reactor field, has immediate openings for perma- 

Mark V1-A Aerial Survey Scintillometer nent positions in nuclear reactor design, analysis, 
font ne oe ae research and development for: 


ind reliability 


| 
wulletin 5 foe Epecmecations anc NUCLEAR ENGINEERS 





Ss 


NUCLEAR ENTERPRISE, LTD. 


1750 Pembina Highway, Winnipeg 9, Canada 


For assignments in reactor core and system design and analysis 


REACTOR PHYSICISTS & MATHEMATICIANS 
For theoretical and experimental analysis of problems ir 





1 physics of 





nuclear power reactors 
METALLURGISTS 


equipment for For applied research and fabrication of materials for power 





GERMAN CAMERAS and special reactors 

micro and technical photography or for the 

hobbyist Import your own. Save retailers im MECHANICAL & CHEMICAL ENGINEERS 

porters profits. (About 35%). Pay postman duty 

Examples EXAKTA The caly completely ver For assianments in heat transfer, fluid flow, thermo-dynamics, and 
atile 34mm umera. With mechanical design and development of Nuclear Power Plants 

diaph. Zeiss Tessar F2.8 $159. (duty $22.) 


" 
A diaph. Isco Westanar F2.8 $139. (duty $19.) 
a 
A 


A major new reactor project has been undertaken by 
ito, diaph. Schneider Xenon F1.9 $195. (duty $26.) Combustion Engineering with the recent award by the 


diaph. Zeiss Biotar F2.0 $199. (duty $26.) 
Similar prices all other famous makes, All new Atomic Energy Commission of a prime contract for de- 
Latest 1955 production in original factory packing . 
Parcelpost and insurance included, No other charges sign, manufacture, assembly and test of a complete 
Py 
f 


epayment through bank and inspection on arrival Nuclear Reactor Propulsion System, designated as Sub- 


_ you complete satisfaction before we are 
| xperienced (and objective) advisory service ; j j i i 
iohess Ghealie ieieeia Gaal” Gaia ae marine Reactor Small (SRS). Combustion Engineering will 
Pricelists by return airmail. All transaction on be the first company in the country to undertake the 
ney vt 4s5i58 
building of a naval reactor using its own laboratory and 


WORLDPOST. TANGIER, MOROCCO 
manufacturing facilities. 








Larger Sizes Now Available LIBERAL EMPLOYEE BENEFITS 
Hi-D* LEAD GLASS WINDOWS Must be U.S. citizen. 
For use in steel, lead, and concrete walls Replies will be treated confidentially 


“Trademark Submit complete resume 


PENBERTHY INSTRUMENT CO. PERSONNEL DEPARTMENT 


65-8 Adams St Seattle 8, Wasi 


oe (COMBUSTION | SNGINEERING, INC. 


FOR SCINTILLATION APPLICATIONS 
Fast Delivery—Competitive Prices 200 Madison Ave. (36 St.), New York 16, N.Y 
For Technical Information and quotation on Telephone: MU 9-4600, Ext. 335 
elepho - Oa 


your requirements write 
LARSEN NUCLEAR RESEARCH, INC 
520 Fifth Avenue New York City 























" PHILLIPS PETROLEUM COMPANY 
A Good Habit Do you need competent men for your Atomic Energy Division, idahe Falis, idahe 


- Where To B . ' staff? Men experienced in the uclear Physicists and Engineers for theoretical and 
| ere o Buy Section supplements other experimental work on reactor transients at 
ng in this issue with additional an Field? Men to fill executive, or technical National Reactor Testing Station in Idaho 

mecements of products and materials of Excellent opportunity for inte 

J reatin 
cial interest and appre ation in the nuclea positions? Advertise your need in this Em fundamental investigation in the field “of ‘re- 
Make a habit of checking this page each ‘ actor development 
. Cc 

ployment Opportunities Section If interested write to Warren Nyer, Phillips 
Petroleum Co., Bor 1259. Idaho Palle. tdahe 
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EMPLOYMENT OPPORTUNITIES 


ALLEN pay 
tt t | 


“Mtb itay 
fh Wittens, 


thay H 
“ty, 
My 


... the development 
of NUCLEAR AIRCRAFT 


at CONVAIR--Fort Worth 


Progress is being made in the Applied Nuclear 
Field at CONVAIR — Fort Worth — in nuclear 
analysis, design and experimentation, including the 
fields of shielding, radiation effects and nuclear 
aircraft technology. 


As an integral part of General 
Dynamics Corporation’s program of 
pioneering in Nuclear Fields, CON. 
VAIR’S activities afford inviting 
opportunities for engineers and 
physicists to enter into Nuclear 
Development at its most 
advantageous stage. 


CONVAIR’S Nuclear Program offers highly rewarding 
career opportunities both by way of professional accomplish- 
ment and personal income. A company-sponsored, in-plant 
program enables candidates to earn graduate degrees in Nuclear 
Engineering. 


Fort Worth in the Great Southwest has an abun 
dance of sunshine and dry, fresh © « conducive to outdoor 
living and recreation. Within a few minutes drive of 
Fort Worth are seven large lakes which provide ample 
facilities for fishing and other water sports 


For further details write M. L. TAYLOR 
CONVAIR Engineering Personnel Dept. WW 
Fort Worth, Texas 


CON VAIR 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
FORT WORTH, TEXAS 


cONVAin, 


FrOoRT woRTH 
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NUCLEAR REACTOR 
DESIGN ENGINEER 


West's leading fabricator 
and division of large na- 
tionally-known corpora- 
tion offers an outstanding 
opportunity in Southern 
California to a Mechani- 
cal Engineer with nuclear 
reactor design experience 
and who has satisfacto- 
rily completed course of 
instruction at Oak Ridge 
School of Reactor Tech- 
nology. Please send re- 
sume of background and 
experience to 


P6947 Nucleonics 
68 Post St., San Francisco, Calif. 








NUCLEAR ENGINEER 


For Nuclear Analysis Unit of the 
Aircraft Nuclear Propulsion 
Department 


The newest of nuciear fields, aircraft 
propulsion offers prospects for im 
portant professional achievement At 
General Electric extensive facilities, an 
outstanding staff and fine working 
conditions create an ideal cnvironment 


The position now open requires an 
M.S. in Physics, Mathematical Physics 
or Nuclear Engineering. It involves 
familiarity with existing methods of 
analyzing reactors and shields and 
responsibility for applying these meth 
ods to nuclear analysis of nuclear air 
craft propulsion systems Applicant 
should be familiar with standard 
methods of mathematical physics, and 
several years working experience 
the fields of applied reactor and 
shield nuclear analysis is preferred 
Ability to learn, interest in ANP, and 
potential, however, will outweigh lack 
f experience 


PUBLICATION OF RESEARCH REI 
SULTS IN THE APPROPRIATI 
CLASSIFIED OR OPEN LITERA 
rURE IS ENCOURAGED 

Send complete resume to 


r 
rECHNICAL PERSONNE! 
Aircraft Nuclear Propulsion 


GENERAL @ ELECTRIC 


Cincinnati 15, Ohio 








An employment advertisement in this EM 
PLOYMENT OPPORTUNITIES section will 
help you find the engineers you need. It's 
an inexpensive, time saving method of 
selecting competent personnel for every 
engineering job in the nuclear field 
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EMPLOYMENT OPPORTUNITIES 





Wanted By the 
ATOMIC ENERGY DIVISION 


Physicists 
Chemists 
Engineers 


Salaries commensurate 
with training and 
experience. 


{ [| f 


ontact 





of 


PHILLIPS PETROLEUM COMPANY 


Idaho Falls, Idaho 


Chemical, Design, Electrical, Electronic Instrumentation, Mechani- 
cal, and Reactor Engineers; Chemists, Physicists, (Nuclear and Re- 
actor Physicists especially desired), with O to 5 years experience 


in their field. 


Experience in atomic energy work, operations or pilot plant in- 
stallations valuable but not essential. 


vill be 


and information 


treale d confid 


Send complete resume on education, experience and salary expected to 


PERSONNEL ADMINISTRATION, PHILLIPS PETROLEUM COMPANY 
P. O. Box 1259, Idaho Falls, Idaho 
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entially 
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& Propulsion Department 
A position of 
interest is now 
Electric, It involve the 
and application of on 
mental technique und } 
ment by experiment of 
mental nuclear propertic 
formance reactors and 
advanced deuree in phy 
matical physics, plu eral 
Perience in neutror and 
physics is desired 


gamma 


This work is in 
application of nuclear 
a field of extre 
portance Facilities 

& major analos and ta 
installation, and the envir 
well suited for advanced work 


PUBLICATION OF RESEARCH 
RESULTS IN THEI APPROPRIATE 
CLASSIFIED OR OPEN LITER 

ATURE IS ENCOURAGED 


light 
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include 
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mment is 


Send complete resume to 
TECHNICAL PERSONNEL 
Aircraft Nuclear Propulsion 


GENERAL @ ELECTRIC 


Foes its via aE SE Rt 


NUCLEAR SCIENTISTS 


Permanent positions at several levels 
of responsibility are available in re- 
search programs covering all phases 
of applied nuclear research for in- 
dustry and government 


RADIATION PHYSICS 
REACTOR APPLICATIONS 
RADIO-CHEMISTRY 
INSTRUMENTATION 
TRACER TECHNIQUES 


hese activities are being centralized 
in a newly constructed and fully air- 
conditioned building containing 
complete nuclear laboratories and 
an aqueous-homogeneous _ reactor 
facility. Location at Technology 
Center offers excellent opportunity 
for professional development and 
participation in scientific activities. 
Send resume to Personnel Manager, 
Armour Research Foundation 
of Illinois Institute of Technology 
lechnology Center, Chicago 16, 
Illinois. 
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fied Advertising 
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EQUIPMENT . USED or RESALE 





NOTICE 


United States Patent No. 2,686,266 
“Improvements in Radiation Detectors’ 


Non-exclusive licenses upon royalties 
of 1% may be obtained by qualified 
manufacturers under — the 
United States Patent for all uses ex 
cept in well bores, Infringers 
rigorously For 
information contact 


above 


will be 


prosecuted further 


Fetherstonhaugh & Kent, 
Patent Attorneys, 
505 Great Western Building, 
Winnipeg, Manitoba, Canada 
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Atomic Research 
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field of 
selected 


with and will assist a small 
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research great peace 
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physical chemists 


experimental 

psychologists 
to scientific 
problems 
operations re- 
above-average 
ing 


rds, 


apply creative 
methods 
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average 
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© a secure future 
© freedom to think 
in @ virgin field 
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growth potential 
important results 
Openings are 
Send us your 


Address: Mr. R 


TECHNICAL 
OPERATIONS INC. 


777 14th Street, N.W, 


Washington 5, D. C. 
nearest 


filling rapidly. 


resume nou 


A. Langevin 


Box oO) dddress to office 
NEW YORK: 330 W. 42nd St. (36) 
CHICAGO ON. Michigan Ave 


SAN FRANCISCO: 68 Post St 
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POSITION VACANT 


Nuclear Instruments four men 
led. One each for Northern New York State 
Tel Pa Pittsburgh, Pa. and Washington 
represent larec Nuclear Instrument 
Excellent income producing line. Sales 
be part time but highly remunerative 
men should have other related lines of 
Prompt replic with resumes requested 
ews will then be arranged in respective arcas 
yal Instrument Corporation, 149 Broadway, 
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Engineers 
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lity in a promising nuclear power organiza 
Eight years of diversified experience in reactor 
und engineering. M. S. in M. E Orsort 
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ENGINEERS | SCIENTISTS |! 


Careers Unlimited In A 


limitless Field! 


WESTINGHOUSE in the 


development of 


Join research and 


nuclear reactors for com 
mercial power plants and for the propulsion 


of naval vessels 


& 


ee —— 


‘ 
NEW FELLOWSHIP 
PROGRAM 


In conjunction 
with the University 


' 

i 

! 

! 

This 1 
Westinghouse ! 
! 

! 

! 

ft 


of Pittsburgh 
new 
program enables 
candidates 
their M.S 
and Ph.D degrees 
WHILE ON FULL PAY 


Westi 


qualified 
to attain 


-—— = oe oe oe oe 


PHYSICISTS and MATHEMATICIANS 


Research in Applied Mathematics, Numerical Analysis 
& Digital Computing Techniques 
Power Reactors; 
Studies with Nuclear 
for General Development Reactor 


METALLURGISTS 


Basic Research in 
Radiation Effects on Metals 
velopment on Materials & 


Relating to Nuclear 
Research 
Physicists 


Theory & Dynamics 


Experimental Physicists 


Reactors; Theoretical 


Metallurgy, Corrosion & 
Research & De 
Processes for 
Meet 
Non 


Physical 

Applied 
Fabrication 
Induction 
Working & 


Vacuum 


Metal 


Reactor Fuel Components in 
Metallurgy 


Destructive Testing 


MECHANICAL ENGINEERS 


Outstanding Opportunity in Mechanisms Design, Heat 


ing, Powder 


Transfer and Fivid Flow, Extensive Experimental and 


Supporting Work 


NUCLEAR ENGINEERS 


Mechanical & Electrical Analytical & 
Design Capacities to be Trained as Nuclear Engineers 


RADIO CHEMISTS 


To Perform & Supervise Analysis for 


; 
Engineers with 


Products 


Fission 


Transuranic Elements & Other Activities 


SALARIES OPEN 


housing available in modern sub 


Ample 


urban community 15 minutes from our new 
Ideal 


pension plan 


Excellent 


Health 4 


plant working conditions 
Education program 


Life Insurance 


Send Complete Resume 7 


MR. A. M. JOHNSTON 


WESTINGHOUSE BETTIS PLANT 
P. O. Box 1468, Pittsburgh 30, Penna 


nghouse 


FZ 230 Tu 


stétomec Power 





Hore you tuterested 
ta Spectroscopy? 


RIDL Model 230... 


is designed for qualitative analysis of radioisotopes singly or in 


compounds and mixtures. It, however, serves a very useful func 


tion in low level counting 


work which requires background 


reduction and in applications involving two or more isotopes 


such as haematocrit, plasma volume vs body fluid, combined 


excretion rate studies and rapid follow up studies with other 


isotopes after the initial study. 


The instrument 
is ideal for 
thyroid uptake 
studies and 
scanning for 
brain tumors. 


uf 


FEATURES 


LINEAR AMPLIFIER: Self contained “‘coscode 


nonoverloading with a gain of 2006 


SOLA REGULATED low voltage and filament sp 
ply, plus electronic regulation for critical cw 


cuits 


CATHODE FOLLOWER OUTPUT from the ampli 
fier is provided so that pulses may be viewed 
during operation or it may be used with RIDI 
Model 119 fast coincidence circuit 


COINCIDENCE AND ANTICOINCIDENCE Cir 
CUITS are self contained 


PRECISION PULSE GENERATOR is self contained 
mercury pulser for checking calibration of the 


unit 


CHANNEL WIDTH: (Window width) adjustable 
from 0 to 10 volts 


CHANNEL WIDTH STABILITY: variation less than 
0.1 volt per day 


CHANNEL WIDTH CONTROL: A ten turn Helipot 
with 4} inch duodial 


CHANNEL LEVEL Adjustable from 0 te 
volts. 


CHANNEL LEVEL STABILITY: Voriotion less than 
1 volt per doy. 


HIGH VOLTAGE SUPPLY: Continuously adjust 
able from 500 to 1500 volts 


HIGH VOLTAGE CONTROL: A ten turn Helipot 


HIGH VOLTAGE REGULATION: Over the range 
of 105 to 125 volts, a | change in line 
voltage will result in less than .002 change 
n high voltage over the range of 500 to 1500 


volts 


STABILITY: Over a 5 day period of normal op 
eration, the high voltage will drift less than 


plus or minus one volt at 1000 volts 


REGISTER: is electrically reset and mounted on 


the front panel 


PRESET TIME: Liebel-Fiarsheim timer measures 
up to one hour in 1.0 second intervals and may 


also be used for continuous timing 


CRYSTALS: Directly interchangeable cipha, beta 


gamma, neutron and X-ray crystals 


PREAMPLIFIER: 6AK5 cathode-follower linear 
preamplifier virtually eliminates the effect of 


cable loading 


PHOTOMULTIPLIER: Dumont 6292 photomult 
plier tube with a flat cothode crea for easy op 
tical coupling to various types of crystals which 


may be directly interchanged 


RADIATION INSTRUMENT DEVELOPMENT LABORATORY 


5737 South Halsted Street, Chicago 21, Illinois 
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ATOMIC 


EXPANDS SCALER LINE 
WITH FOUR NEW MODELS 


fi aturing: 


Scale of 1000 and 4 digit register 

Resolution for pulse pairs, 5 microseconds 

Maximum input sensitivity, —0.25 volts 

Precision calibrated adjustable discriminator, for 

—0.25 to —10 volts 

Built-in automatic or manual timing up to | GEIGER, 


hour 
Direct reading “visualized’’ count SCINTILLATION & 
With or without High Voltage Supply PROPORTIONAL COUNTING 


The newest addition to Atomic’s widely used 
line of scalers, Model 131, is offered as a single 
scaling instrument or in combination with dif 
ferent High Voltage Supplies to energize dete: 
tors for specialized counting applications 
Model 131 incorporates the latest design fea 
tures, backed by long experience in scaler manu 
facture, to produce an instrument of extreme 


reliability for improved counting techniques 


MODEL 131 BASIC SCALER Simplified circuits utilizing low heat low power 
cold cathode glow tubes provide convenient 
operation and direct “visualized” reading of ex 
perimental results. Combination models shown 


below include 


MODEL 1031 SCALER 


For Geiger or “low voltage” Proportional 
Counung incorporates Model 131 Scaler 
with a regulated High Voltage power sup MODEL 1032 SCALER 
ply. Separate connectors for signal input 
{ High Voltage output. For G-M count- For Scintillation Countin incorporates MODEL 1035 SCALER 
:, used with separate external pre-ampli- the Model 131 Scaler with a “Super-Stable’ 
for impedance matching and H.V. High Voltage power supply to assure high 2 roportional! 
ing capacitor. High voltage is con- est repeatability. Drift of high voltage is ounting incorporates the Model 131 
isly variable from +500 to +2500 less than 0.02% per day, line regulation Ssler and 5000 volt regulated High Volt 
line regulation 0.2% at SOOV., 0.04% 0.01% from 100 to 130 volts. Variable age power supply. Separate connectors for 
SOOV. for 105-125V. variation. Load high voltage from 200 to 1400 volts in 17 signal input and High Voltage output 
tion 0.4% at SOOV., 0.08% at 2500V steps; polarity reversible by front panel Incrrument for use with separate external 
switch. Model 1032 is used with scintilla preamplifier for impedance matching and 
tion detectors containing built-in pre-ampli- 44 y blocking capacitor. High Voltage 
hers, or with complete scintillation systems. continuously variable from +1000 to 
+ 5000 volts 





4 request on your letterhead will bring 
mplete information. Write for Bulletin 


diel 


SALES REPRESENTATIVES 
H. £. RANSFORD CO. — 260! Grant Bidg. Pittsburgh 19, Pa 


W. A. BROWN & ASSOCIATES Alexandria, Virginia 
Branch Offices throughout Southeastern US 


! N S T R U M E N T PACKARD INSTRUMENT CO P.O. Box 428 LoGrange, |i! 


KITTLESON COMPANY Los Angeles 46, Calif 


Scintillation Detector 

— es a ; ¢ '@) M B A N y San Francisco, Calif Albvaverave, NM 

High Voltage Supplies RON MERRITT COMPANY — Seattle, Wosh 

Scalers, Linear Amplifiers CAMBRIDGE 39 pan er A er renee co Montreal, ra 
oronte innipe@ ancouver alifas 


Differential Pulse Height Analyzers MASSACHUSETTS OVERSEAS France, Sweden, Norway, De 
Count Rate Meters, Coincidence Analyzers Aust 





Switzerland, italy 4 











Honeywell control instru 
mentation for the first pri 
vately owned reactor, at 
North Carolina State 
College 


385-MEV cyclotron at Co- 
lumbia University’s Nevis 
laboratory is controlled 


from this pane 


Count on... 

Instrumentation engineering 
by Honeywell for the right 
nuclear installation control 


mln 
lon EFFECTIVENESS and safety of control lly aided most of the important military and 
for nuclear installation depends not only on private industry projects. 

choosing the right instrumentation, but also \ complete line of specialized instrumentation 
in applying this instrumentation correctly to is at your command .. . including equipment 
the job for detection of radiation, for measurement of 
power level, for temperatures, and for meas 
urement and control of the critical variables 
encountered in research, pilot operations and 
production. Your nearby Honeywell sales en 
gineer is well qualified to consult on the re 
quirements of your specific installation. Call 
him today ... he’s as near as your phone. 


rom Honeywell, you can be sure of getting 
both. A staff of application engineers well 
versed in the technology and requirements of 
nuclear projects goes to work on your prob 
lems. ‘These men have worked in intimate 
contact with government and university re 
search installations and with reactor manu 
facturers, ever since the initiation of the MINNEAPOLIS-HONEYWELL REGULATOR Co., 
atomic energy program. They have full se Industrial Division, Wayne and Windrim 
curity clearance for classified work. Their Avenues, Philadelphia 44, Pa.—in Canada, 
contributions to control design have materi Toronto 17, Ontario 


Honéywell 


BROWN INSTRUMENTS 


Write for Honeywell's Nuclear Reactor . ° 
Control Booklet mt WL 





